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Valve train of an infernad combustion engine

Ares of the invention

The reution relates 1 2 valve drive of s iderna combysion englne, having 3 camshaft which comprises a
cawrier shalt and @ cumn pleor wnmpad rowtionsdly cogiointly on sad cariey el so g o be displaceabls
between a first and a second avial position, whick cam pisce has at Toast e carn group of divently adjacent
cars with different com elevations and bas an ovad slotied puide with s St snd a second cam track, which cwin
tracke wre sach in the forms of 2 groove and extend on the cicumlerenee of the avid slotted guide axially in
opposite direciions, and having an sciuation olement which can be coupled ¥o the axid slotted guide for

displacimg thecany plese fn the dhevction of botli cars tracks.

Background of the Invention
Such a vabve deive, which serves for the vadable sctuation of gae exchange valves hy means of dixplaceabie
camns and in theoase of which a single actustioy slement s adoquate for eachy ooty pivce by neder s ¢ spiz s fhe
cam piece 18 the direstion of hoth cam fracks of the axial doved gade, & known Fom DE 101 48 177 Al
eoosidered gonerte.  Theee two cane pleosy with aliconatively configured adal dotted gaides are disclosed
wherstn e frst anial dlotted wude comprises « contral goide web for forming inser guide walls for the
sotuating element by the Hom of 2 oylindrical pin dipping {ato the axdal sloited guids and the sevond axial
siotied guide prerely consiv of outer guide walls,
The latier configuration hus the adeantage that the predestien effort & e aal dotted pude Batugh the
cdsvion of the gaide web i nigndBoadly Tese Howeven, there 6 a considerable risk with reganding the
functional safety of the vader drive with this configaration in that the displacement process of the cam piscs i
only completed complately, 1o, without incorrect displacoment, when the mase josrtia of the cam plece i
adeguate o onder to move B ine Uiy other oud position i a free-flosting mwiner & i were Hillowing te
passing-through of thy ntersestion regioof the cam wacks everowithowt forsed itervention of e cylindricad
pi. & preveguisite for the aifeguats mass 1ucrtia of the cont piese obviously 18 « minhmey totationa! speed of
the camshal, which b dissctdy dopendens on the Hotlon behween the cam picce and e onrrder shaly,
Displacement of the vam plece sotating below this mininnm rotational speed can rosult i that the cam plece
staps "halfivay” and @ cany follower of maliiple cams of the cam group lnpinging the gas exchange valve i
sirmultancoesly wopimgad o an wocontrolled munner and wnder high moechanical loads. In addition there ¥s e
onger any possibility dn shie case & subseguently dplace the cam precs nto one of the and poditicns by nicans
of the oyliodvioal pio shove the axtal alfosation betwenn the gylindrical pio and the cuter guide wadls 1§ then oo
DMYERT pressnt,

This fonctiog. risk however i sigaificantly soeller with the ey configuestion of the axdal slottied ouide wiik

coniral guide wab, the tuner gatde walls of which a low rotational speoeds of the cam plece &0 3¢ positive guide
further socelernting the ovlindreal pin. However, there & nevertheless the nisk bere that the oylindrival pin,
baving passed through the intersestion region, does ot cnter the provel cany toxck Dut sollides with the face end
of the puide wely Hikowiseondor Righ reechanioad load.

vates: drive having the featurey of the preambde of Clatm ¥ 3v Hhowise evident frome BE 101 4R 178 Al and

DE 10 2007037 232 AL
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Ohjevt of the invention

The present Imvention is thersfire based on the object of Turther developing & vabve deive of the type mentivaed
at the outset so that the mentioned functivaal restriciions and tiehs are at least pantially chiminated. ¥ conerete
s, the object therefore cotisidts in srsuning & successtl, L complete change-aver provess of the cam pieos
when nuiag 3 single sctuating cloment for hoth aiisp%acemem direstions oven at low nationed speeds of e
camshadt, for sxample during the starting process of the internad combustion sugine.

Summary of the invention

The solntion of this object is obtained from the characierizing featwres of Clatm 1 while advantagecus Bather
developments and configurations of the fnvention oxg be inken from the sobolaims. Accordingly, the cam tracks
are o he arvanged in clromferential direction of the sl slotied puide one bohind the other, A substantial
difference of the tesative compared with the known prior st thas relates to the outeal xerangement of the cam
travks on the axial shotted guide, which now run one behind the Sider, Lo, in serles arrangement, and no longer
next ¢ one another, Lo, fn parallel arrangement and conseguently no fonger fntersest. Theough the omission of
the Intersection region, the displacement of the can plovse takes place under pontimsous positive guidance of the
axial slotted guide velstive to the achuating sloment soupled therewith, so that a complete change-sver provess
of the cam plece Is cosared oven gt west rotational speads of de canishaft,

Wikl sespant to the ovupling of the sotosting coment o the axial slotied guide, the vam ranks are saoh formed

ay groove and e scfenting sloment ay ovhindrival pin engaging in the grovves, Freferentialfy, Siecam wacks in
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fe casy are sach composed of suscessios track septions with different axial excursivns of the pronve walls
delimiting the groove, samely & min-in seetion without axial excursion, ¥ ramp section and an excursion ssction,
wherein the excursion section has a significantly greuter axial scesleratinn then the ramp seotion,
In adidition 1o this, the came wre o have 2 sommon base strole region, which starts at the latest with the maep
secton of the frat cam track and teravinates b the eartinst with the excursion section of the ssvond cam track.
Siee the comman base olecks region B 1y mean e wagle region of the cam plese, i which sl camy of the cam
group are elevaton-fee, the displavement of the cwm pivee akes plase fo pactivalar mersly when the gus
exchunge valve awigasd ke the cam grovp ¥s closed and the cam o be engaged I Hiowhe Tocated in s base
cirele position Seoughoat the displacement procsss. Acourdiogly, ni valve spring forces twrsasing the friction
batwvesy caty prece dud carvier shaft act on the cam plece durdng the displavement process. Tn order 9 keep the
axial acoslevation of the ey plees @y kaw as possible, the start and the end of the base cirle region and of the
displacement process ave ideally identical.
The exoursion sectives ¢ant such be ccmposed of sivoessive partial excarsion sections with differeny vadial
sxcursiens. of the greove base delimiting the grovve. namely 2 St pretial ccorsion. sention withoot radial
excursionand 8 seovnd pactial axovrsion section with groove base radially outesrdly rising, {ncontrast with the
rocve grometries knows from the prior art, with which the scteating pin is only “ejeoied” Hom the sadiutly
rzxxz‘g groove into Hs sapaperoent-fres mext posttion dn the axial foroe-fres stete, it is practicsd heve o
saperimpose the axial exoursion and the radial excursion of the groove i order to nraximize the respective cam
angle of the excursion seetions that dx wailable and comsequenty delinit the comparatively high aval

acesborations e Seeoxourdog seotions o a nwechanically controltabde feved,
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Befiwe this background it is fnally provided that e seoond partial excuesion seotidn and the nman section in
cach cane divectly adivin vne mnother, wheretin the groove hase rans radially steeply Siling at the ramsition from
the second puartis! exoursion seation o the reneby ssction. Tn particalar with a groove base which with respest to
the circurnierencs of the axial slotied gutde falle :eerpmdim‘évmy; Le. with a sum angle of the care tracks of
360°, e cam angles of the excersion sections with given longth of the ran-lo section keoated i batwesn can

e B mavanized.

Brief deseriplion of the drawings
Forthor fabures of the hovention are obiained from the following deseription and from the drawings, in which an
exemplacy smbodimend of the ipventon s shown, B shows:
Figare 1

shrows as oxtract of 3 valve drive acoordieg 1o te fovantion in longiadingl ssoion;
Figure X

shows the axial dotted gaids in a frst porspective view X acewrdiag fo Figure §
Figure 3

shows the axial slotied gaids I 2 seovnd gerspestive view Y aconrding to Figare 3
Pigwre 4

shows the axial stotied guide tn a third paespective view & secording to Pigure §
Figure §

shows g tateral view of theaxial doted guide svcording to Figore 1 with radint conten! diagramand

ey
&
&
7
fous

st a completeexarsion dlagrans of the axdal sloited gulde

Dotslled deseviption of the drawings

I Pigare 1 oan sxtomet of a vaclable vales

drive of an internal commbustion engine thid B soletmtial R
enderstanding the fnvention is dleclosed. The valee drive conprises a canwhaft 1, which ccmprives 3 pasrier

shaft 2 and ~ compsprnding to the mumber of cvlinders of the interaal combustion enging - vam pisces avanged

¥

rotativaally congeintly so a8 fo bhe displaceable botweenr two axial positions,  For the purpose of axial

~

displacement, the carder shall 2 v provided »with sxteronl Iongitedinal splines and the cam pives 3 with

sorresponding tnternsd hosgitndioat splines, The splinevare known per seand rot shown in more detail hers,
The cxnn plecs 3 comprizes cam groups arranged on both vides of 2 bearing 4 each with twe directly adiscent
onms § and 6, which sl seane base eircle radvas have differant osm elovations. Dhsplosing the cam pisce i
sffertad cutaide the cam slevatives during the comumon base circle region of the cams 5,6, The cany slevations
are cach sefectively transmifted o & gas exchange valve wdich fe not shown in the known manney by & cam
foltower, such a¢ for exmple @ rocker arm, symboltzed here by a oam rolfer 7, sy a Rinction of the cutesnt axial
position of the cam plees 3. The different can elevations are 1o mean different amounts of the respactive cam
exsursionand/or diferent valve control thves of thecams §, 8.

Por changing over between the cams § and &, the cam plese 3 is provided with an sial slonted goide & produged
as individual part and joined by means of 3 press i Onothe efroumterence of the axia! slotted guide 8, twa cans

wacks 9, 10w the fomm of grooves we foomed, which axially exitend in opposite ditections and in
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cireymferentind direction of the axdal slotted gaide € wre .ma;:ged: one behind the other, into which an sciuating
slement 11 can be coupled. Thin is svident {n move detall Hom the Figures 210 4, in which the asial sotied
suide # is showsn from differcnt angls perspeciives. The achuating element 1 i @ ovtindrival pin which 1 part
of a likewise known actuator for such valve drives that is not explaived in wors Setad] here, The oybindrical pin
£Y by axnially stationacy with respect 1o camshaft 1 bat radindly displaceably arsmnged by the interond combustion
angine and serves for dleplacing the cam pieee 3 in the divecting of both caox fracks 8, 14,
The configomation of the cars tacks 9, 10 1 obtained from viewing Figurey Tt § together. The views of the
il slotied gudde B chown in the Figwres 2 o 4 comespond 10 the view arows X, Y and £ respectively i
Figure 3, fivwhich the andel slotted puide ¥ shows in lnieral view 3 additlonally provided with xradist conteat
disgram of the cam tracks 8, 10 according ke the dashed Hae. Thy arrows showa i the Figares 1, 2 and 3 sxak
the divection of rotation of the csmebaft 1. & complete excursion dagrao with vadial and sxial excussion of the
cam teacks R, 19 as & function of de carashafl angle te wvident fom Bigwre &
The two camy fracks B, 1Y are vach conyposed of succesaive track seotions with differenm axial oxeursions
foontisnous fine i Figure o) of the groove walls 12 delimiting the groove, These tiack seciiong are o ran-in
ansction F and € respeotively without sxial excugsion, 2 ramp scetiog & and D rospeciively for offistting axial
position tohoranoes of the ovhndrinad ple 11 relative 1o the gronve walls 12 and & excussion section B and B
respectively, whersedn the axial acceleration of the excarsion sections B, £ is sigaificantly greater than that of the
e sectons A, 13 In the showyr exepplary cmbodiment, the common base cirole region of the cane 5, 8 &
identical 10 the toack seutions A to B, 4o the conypon base gircle voplon siurts with the vaxp seelion A of the
st vam track B oand terndinates with die cxgirsion seotion B of the seoond cam track 10, Compared with this,
the tan slevatingy of the sands 5, & ate 1o the rogion of the rus-fa section F

The exsursion sseil

w B oand E oy cach composed of successive partied sxoursion sections BE and 82
sespeaivedy £1 and B2, which differ 16 the ralial excwssicar of the grones base 13 (dashed huae wm Figere § and

Here, the fird partial exoursion secuons B and Bl comprise @ groove base 13 with constant depth that i
sdeticad 10 the ssctions ¥ and A and Cand D ms;}eciive%y; while the groove base 13 sisey radially outvensdly

over the second partial excursion sections 8 and £2 in order 1o giect the oylindrival pin 11 fom the respestive

BrOOVE N0 s nor-ongaged rost posilion even during the

Plaveeent process of the cany plece 30 The change-
overol thy sum p:i(f(t(:‘, 3 aicmg the et came track B, L. fom the corrently sotive cam ¥ o the cams 8 {see Figare
1 iy effected inthat e oviinduoal pin 11 dips o the runvinsecton ¥~ dependivg on size and dusaticn of e
ssorslevation, this alevady takes place duniny the opeoed gas exchangs yabve - and sehsegusntly pasves feough
the vamp secton A and the excursivs sevtion B, while the wiathog cars prece 3 supporting fteelf on the
syhindsical plo 11§y dieplaced fnto #e sccond axial poxitton. Bven during the sourse of the second partial
Sxoursion sevtics BZ, e oplindoionl pin 1 & hilled by dhe cadially ristog groove buse 13 and fowards the end of
the displacoment process, sompletely gjented from the Sam track 9 e 313 son-ongaged rest posttion,

Analoguasdy to iy, the pashingsback of the cam pisce 3 dong the woond cam track 10 takes place, Te by the
cams & that are then aciive onto the vams § in thet the oyliodoiosl pin 11 Sipe beo e rundn seotion © and
subeeynently pusses through the vamp seoting B sad the excorsion section B, while die rotating cum pleve 3
sepporting fwelf on tee cylindreal pin 31 & pushed back foto dte Sest axisl positivn. Pruring thix, the oyvlinddieat

pine 11 during the course of the second partial exoursion seotion B2 s tifted by the radially veiag proove Base 13
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and wowards the end of the displacoment procsss completely sjected fronm: the cam trsck 10 infe iy non-engaged
Test position,

As Becomes evident fro the Fizures 2 fe §, the sconnd partial sxsursion ssction 82 and B2 respectively and the
romize section $ sud Forespeetively diveetty adjoln pae aantber, whereln the groove bage 13 af the transition of
thens sections falla radially perpendicalarty, 1o order to smaximize above all the feagth of the exoursion sention B

wath different longth of the run-in section T

The copagersent doview shova in Figuee 1 scorves or fining the cam pince 3 I iy axial positions relative wo the
carrtershall 2. The sopusemensdevice comprives 2 enpagsthent bodien 15 whick are displaceshlv niountad 1.2
radzﬁk hore 14 of the carrrer shaft 2 formed ss throughebore focated diamstrically opposiie and which run vu the
wmer cirvumferenss of the cam pisde as erigagement greoves 16 and 17 formed as cirovmferential grooues, in

whish the dngagenicnt badiog 15 whivh dve Roos-loaded i o vadiall

v cutward divection by # spring means 18,

are engaged in the respect

e associated axiad positions.

)_)

The engagement bodies 15 arg hin-walled formed sheet mutal parts that are oper onone side. The open stdexd”
these 1v formed in sach cass as a hollow oylinder mounted 1o the radial bore 14 and snclosing the spring means
1N formeed a8 ol compression springs, whily the closed side following thereer in cash case s & hallow hody
which tapers i the dirsction of the ongagenand grooves 16, 17, which by intiially coufigurad comcal and
sphierical at the fce sud. Tnoeder s oovure 2 low-resisiance endening of she sngagement bodiey 15 of S radisd
bore 14 dunng the displacement procesy of the cam pleve 3, the cam bodiey 15 are provided with @ prossure
seticf opening 19 in the conieal region of the hollow body.

The function of the engagement devive 18 not only restrcted o fxiog the cam pieee 3 in the two axial postiong,
bt adse oomprises heaking the omn pisce ¥ in 13 avied movement fowards e end of the partial exonesion

sectiony B2 aed B2 This baking {6 created Swough contact flation of e spring-loaded engagentent bodies 13

0

o the groove walls of the enpegement gropves 16, 17 running axielly sdfscently on both sides of the apex 20,

Uither than shown in Figere 1, § i advaniageous when the engapement grooves 18, 17 are smbodied

peometrivally wientically and the apex 20 - based on the distance of the axial positions of the oaee plese 3

assooiated with the sngagement grooves 16, 17~ runy in the contre.

List of referenve characters

b Cam shaft
2 Carsier shafl
3 Cam plege
4 Beaning
Cam
& Cam
7 Carg vedler
8 Axial slotted guide
G First cam wack
1 Second camp track
3 Astusting elamenty oplindrical pin

12 Groove wal
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Groove hase
Radial ore
Eopapernst body
Enpapormend gitove
Engngement woove
Spoiog means ¢ ool scompression spring
Prossuee relief opening
Apex point of the sngagenwnt grooves
Ranp section
Excnrsion section
Rus-ig seeting
Ramp section
Excursion section

Rux-in ssction

Suelepverdviés robbandnwotorakhes

SZABADALMUIGENYPONTOR

Szelepvezdriés robbandmntorokbon, bitvkds tongelivel (1) ami nobuwar epy audiengeba {21
valamoint gy seon siiorduldsosotossn €5 ogy olsd £y ey mdsadilh axtally helyzet ket clivthatdan
elrendaxett buiydk clomet O) awi twrtalvaz logaldhb egy, kéaverlentil szomuszédos, kilinbazd
bittyDkaagassagh baniokbel €3, 43 allo bitydk cooportot & egy axifills kudissedt (8}, ami of van Btvs

ey elsd S pgy wmdsadik girbepabydvad (&, 10} amik horomyidnt vannsk kiahkéiva & ap axidlis

(x

kulissza {81 hertlete wmentdn axadls idnyban epyvméssal szembe futonk; és agy, a2 axi
aszekapesothatd (8) wikodietd elevumel {11}, ami a homyokbya (9, 10} Hengeres csaphént van

Kislakitva, ¢35 & bity8k elomet (3) a2 2led pOchepdiya (9 nmontdo 3z obd axislls helyzeddt & oxivedik

sxidlia helyzetbe mozzatie, € » mdsodik grbepdlyy (10) mentén 3 ndsodil axiilis hobyzethidl az olsd
axidils helyzetbe movgats, seeel jellomerve, bogy a k&t pirbepdlya (¥, 10} av widls Kudbssza (8}
keviilete mentdn exymds moght, & nom egymds melielt van slrcadezvs.

Az 1. igdnvpont szevintl seolepveandlds, szxal jellemerve, hogy mindkdt ghrbepihea {9, 1) spondst
Kivweads, Kiplnbond soboszoibal (F, & B, ileve O, B, B) 8l ahola horvot batareld ek (12} eltérd
axidiis kitéréslek, nevesvtosen sgy bevezerd seakaszbdd (F, dletve O mnidls Ritdeds néikad, egy
felvewetd szahaszbal (A, letvn 1) &s egy ket szakaszbé] (B, fifetve B}, ahol 8 Bket szabaw (B,
Hetve BY nyegesen nagyobb mddllsy gyoradddsd, mint z az olsd gérbeplya{9)

& 2. iplnypont sverinfl seelepyvesdrlés, szeal Jellemerve, hogy & BlgkSE {5, &) asvocs alapkir
tarfoindnydak, ami logkdadbl gz ol siubepdlyn (O} felvneett soskasedval (A kezdddik, 6

tegkonabban 4 mdsedik sivhepilya ¢ 1) et seabasaaeal T8 véuebdi.
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A 2. igénypont sasevintt seslopveadelds, azeal jellemsave, Bopy 3 Mok seakaweok (B, B) cyvmist

Kdveld rdez Joke! szakaszokbsl (BI, B2, iletve B, B2) vannak Saxeedilitvg, amelyek horonvienchet
(1Y ohisd radidlis kitdrdalick, arvz ogy radifls Kideds nelhafl olsd réaz R¥ket szakanebat (B, illetve
B} &5 egy radidiizan kifeld cmelkedd horonylondklel (13} ollitofl redsadik révz 10ket szakasabdl (B2,
Hetee B2

A 4, igbmypont szorindl szcleprezdds, azesl jcllvmerve, hogy ¢ mitvodik yr 10ket sesdmsz (B2,
Hetve B2) & o bevezerd szakasz {F, ferve O ¥oovetlont! hardrossl cpvimddaal, ahol 2 masndik vésx

ioket szakasz (B2, iHotve E2) 8¢ & beveastd szahusa (F, sHetve ) kdedttl &tmenetid] & horonyfendk

£13) radidbisan meredek eadsd &5 ~ ax axiidis kudissas (‘8} kerfletdre vonatkoztatea ~ nwevolegesen esik

ufeld.
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