WD 2005/ 116408 PCT/ EP2004/ 004437 1 Val ve rotating nmechani smfor exhaust
val ves, especially of nmarine diesel engines The invention relates to a
val ve rotating nechani smfor exhaust valves, especially of marine diesel
engines or the like, which mechanismis braced in a valve housing for the
val ve en an upper and a |lower drive elenent, wherein it is |inked
to the§&$gkg&h%$%ve el enent via a freewheel device, which 5?&8&@“V%¥§?ion
of the valve stemduring closing novenent thereof, and wherein it is braced
relative to the upper drive elenment via a rotary cylinder, which brings
about rotation of the valve stemthrough engagenent with a fixed support
cylinder. Such a valve rotating nechanismis described in Gernman Patent
3113944. The known nechani sm conprises two cylindrical portions, which are
di sposed concent rVglatd ywatadtdingv meichaahemafiotrhexhaust vaiween which two balls
are guided in rotational npvepent _in such _a way that they respectively
engage in a ball sock8FPBFIEhEY oif MAFARGFHISSAL FHHPET and in a ball track
of the other cylindrical portion, the said track running at an inclination
to the cylinder axis. A nore uniformdistribution of force between the two
cyl i ndThealingentiionsresatehi eved byl r 0wt nigroa nplalvaaliisty fofr kahkussocket s
and ball .tracks disggfgg gé intervals around the circunference of the two

) efer

cyl i ndritédr poftPsh Tt V1T Het S Bal ISHHEs Havds He For KP6F a spiral

W th cerghantshi tehprhBelihis Xneanvyalues M) atldMandeviae ate badikeal
portion is rotated by the fact that the ball guided in the ball socket WD
2005/ 186408PPCTAER2080490044387ive element, wherein it is linked to the

lower drive element via a freewheel device, which allows rotation
of the valve stem during closing movement thereof, and wherein it
is braced relative to the upper drive element via a rotary
cylinder, which brings about rotation of the wvalve stem through

engagement with a fixed support cylinder.

Such a valve rotating mechanism is described in German Patent
3113944. The known mechanism comprises two cylindrical portions,
which are disposed concentrically relative to one another and
between which two balls are guided in rotational movement in such
a way that they respectively engage in a ball socket of the one
cylindrical portion and in a ball track of the other cylindrical
portion, the said track running at an inclination to the cylinder
axis. A more uniform distribution of force between the two
cylindrical portions is achieved by providing a plurality of ball
sockets and ball tracks disposed at intervals around the
circumference of the two cylindrical portions. Preferably the

ball tracks have the form of a spiral with constant pitch.

In this known valve rotating device, a cylindrical portion 1is

rotated by the fact that the ball guided in the ball socket



2 travels in the ball track of the other cylindrical portion, one of the
cylindrical portions being |ocked by the freewheel device. During closing
of the valve stem the cylindrical portion |ocked during opening is driven
in the direction of rotation. By means of the known nechanlsn1 arelatively
high s otation of the valve stemcan be attained d ng the closing
operatgﬁﬁgm%%hé er, sone wear of the ball tracks has to be? %@%WQ 37
meani ng t hat regular repl acenent of the correspondi ng cyllndrlcal portlons
is inevitable. In contrast, the object,of the present invention is to
provide a valve rotating mechanismof the type nmentioned herei nabove t hat
is particularly durable and can be subjected to high |oads, while
nevert hel ess responding with high acceleration. This object is achieved
accor ditngved st he ktheebkidntbyckhef faed odthat dyie ndatiatay @ylricider, and support

cylinder_ are enga ged with one another via a helical %earlng, wherein the
rot ary ylHPRdEV I EATEFRkeBOT Bl oRe RV IQRERY LY the frresnhest devitce: and

the sypRQLY exbgmﬁsro&fstﬁ@s\f@w@ 40 heu}vé’ﬂc\galbl%'c%q gEf}%lometckg@ val ve

rotating nechanismis suitable 1 n princi for W'y running marine
engi neslurboly ppepantgi ¢al driven imwtheadﬂnfaﬂupnuai ratawhiooh the upper drive
elenment is fornmed by a hydraulic cylinder for controlling the opening

stroke of the valve and the Iower drive elenent is fornmed by the piston of

a pne@gahb@n@ybfndﬁé kabweOoRt £104 41 819, the-Llasivag yevererbeel e VWO
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rotation of the valve stem can be attained during the closing
operation; however, some wear of the ball tracks has to be
expected, meaning that regular replacement of the corresponding

cylindrical portions is inevitable.

In contrast, the object of the present invention is to provide a
valve rotating mechanism of the type mentioned hereinabove that
is particularly durable and can be subjected to high loads, while

nevertheless responding with high acceleration.

This object is achieved according to the invention by the fact
that the rotary cylinder and support cylinder are engaged with
one another via a helical gearing, wherein the rotary cylinder is
linked to the valve stem via the freewheel device, and the

support cylinder is fastened to the valve housing.

The inventive valve rotating mechanism is suitable in principle
for all slowly running marine engines, but in particular for two-
cycle engines, in which the upper drive element is formed by a
hydraulic cylinder for controlling the opening stroke of the
valve and the lower drive element is formed by the piston of a

pneumatic cylinder for controlling the closing movement of the



In nodern marine engines, the spring plates of earlier design, between
whi ch the val ve rotating nmechani smwas braced, have been replaced by a
hydraul i c cylinder, which forns the upper end of the valve housing, and
whose oil piston noves the valve stemin the direction in which it opens,

so thagvégqoh/ilkt“& fromthe valve seat, as well as by a pneﬁgp]%é?é%léjpgder

acting in e opposite direction, to nove the valve stem its
pneumatic piston back in closing direction after conpression. An air
pressure of approximately 7 bar is sufficient for this purpose, whereas the
oil pressure acting on the oil piston 1s as high as 170 bar. In a further
configuration of the invention, the support cylinder is provided with an
internal helical gearing, which in axial direction corresponds at |least to
t he | emvgtlveof the opening stroke of the valve plus the m ni nrum engagenent

|l ength of the two cylinders. Correspondingly, the rotary cylinder is
provided with an external gearing, which in axial direction corresponds at

| east tlo tbeerm nemuneeagageeent thengihiof dlee dswo fe\gairdders deBignpl es of

sui tab hj ata _f e i eqr. are a t.h i.gh
approx%%§?§%§ gH?SHSEﬁﬁ1g%5$£ %?f% fﬁﬁ @ﬁéﬁﬁiﬁémxﬁﬁﬁnbEEQ%Sy ?%ggfgggkthat
t he suppodeceyl bader hpdedet abl gy hasder gedriaiy foextsendiengreent iendoasl y over

ext ends "dovrnard SATy 80 er ™0 2005/ 1408 PeTT 2004 004431 4 Sepeixi nat el y
one thith¢ éirecsipengnhwhiom itsorpper sndhat it lifts from the valve
seat, as well as by a pneumatic cylinder acting in the opposite
direction, to move the valve stem by means of its pneumatic
piston back in closing direction after compression. An air
pressure of approximately 7 bar is sufficient for this purpose,

whereas the o0il pressure acting on the o0il piston is as high as

170 bar.

In a further configuration of the invention, the support cylinder
is provided with an internal helical gearing, which in axial
direction corresponds at least to the length of the opening
stroke of the valve plus the minimum engagement length of the two

cylinders.

Correspondingly, the rotary cylinder is provided with an external
gearing, which in axial direction corresponds at least to the

minimum engagement length of the two cylinders.

Examples of suitable toothing data for the helical gearing are a
tooth height of approximately 3 to 5 mm and a pitch of smaller
than 45°.

By the fact that the support cylinder preferably has a gearing
extending continuously over its entire length, whereas the rotary

cylinder has an external gearing that extends downward only over



installed position, |ower manufacturing costs are achieved for the rotary
cyl i nder; noreover, the renmaining annular gap between the two cylinders can
be exploited nore effectively for oil lubrication. Expediently, the support
cylinder is fastened by shrink-fitting of its outer circunference in a

corres i at of the hydraulic cylinder. In the regio f I1s
fasten&ﬁggkgﬁ“% nul ar lubricating groove can be advantagé%ﬁggvm%V%WPaed on

the outside of the support cylinder, thus supplying the gearing with
lubricating oil via radial bores. In cpntrast, the rotary cylinder is
nmounted with its inner circunference via an axial bearing inside a
cylindrical hollow of the piston of the pneumatic cylinder, the shank of
the valve stem being received by friction fit in a central through bore of
a hub apbrohémpistgnonFhehivdad® Tyd i Irterth & ndveridgfsoreraxi anlkdy inmmovabl e
Wth t i n UL LS N it r.0 e .rel-ati.ve ereto in
a diregﬁfgﬁl% erg?gg%égﬁbegﬁgé%gggfﬁéﬁ e ffggﬁ%ggﬁ Eg%iggﬁl%gsﬁtﬁ%g pur pose
it is ékpedPéatryferlihdeshankredvehe thd vermstiehng enpe l@gdged Peiteeranal |y

in the (HAr eUGh HOKE 84bYs BRASLOf o 51 & AW PR r AN 10N, the ¢lianpi ng part
to be formed as"a cone bushing, which is axially securéd by a conpression

ring bdMP&dcesiofhe hub of the piston. Suitable as the clanping part are
conical ring segnents, preferably of steel according to SAE 1010, that
engage via an inner bead in a correspondi ng annul ar groove of the WD
2005/ 1E6068 1PCTLEP2004 1604437t Gy Bhatke ofs tiiees hedlege byt emrilnktiié tivanaer

descri@%dikg g§tg§t8QEcumference in a corresponding seat of the
hydraulic cylinder. In the region of its fastening, an annular
lubricating groove can be advantageously provided on the outside
of the support cylinder, thus supplying the gearing with

lubricating oil via radial bores.

In contrast, the rotary cylinder is mounted with its inner

circumference via an axial bearing inside a c¢ylindrical hollow of
the piston of the pneumatic cylinder, the shank of the valve stem
being received by friction fit in a central through bore of a hub

of the piston.

The rotary cylinder is therefore axially immovable with the
piston, but is nevertheless mounted to rotate relative thereto in

a direction of rotation permitted by the freewheel device.

For this purpose it is expedient for the shank of the valve stem
to be wedged frictionally in the through bore by means of a
clamping part and for the clamping part to be formed as a cone
bushing, which is axially secured by a compression ring bolted to
the hub of the piston. Suitable as the clamping part are conical
ring segments, preferably of steel according to SAE 1010, that

engage via an inner bead in a corresponding annular groove of the



3938484. The pressure exerted on the clanping part by neans of the
conpression ring is such that the shank of the valve stemis released at a
certain torque, in the manner of a slipping clutch; in other words, it can
slip before other conmponents of the valve rotating nechani smwould be

deStr°¥&9ﬂm§H§ﬂ as those at the sane end as the freemheelggﬁéﬁ§§myﬁsgalIy,

IS provi accordlng to the invention that there is t he
hub of the piston of the pneumatic cylinder a ratchet wheel of the
freewheel device, in whose circunferential toothing there engages a
plurality of ratchet elenments nounted at intervals around the circunference
in depressions of the rotary cylinder, where they are respectively braced
by spring |loading. Expediently, an annular projection of the ratchet ring
si mul t sheoksby tbacvhdms asemhen axialmdnreci nip sofrifdeel dxi &lS Pheanitng, whi ch

f I doubl e- t bal | B fact that th
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exi st s tak tampeesegohhelngoﬂ@reﬁsmcwhdﬂngubyﬂpa&Sbﬁgth@lWslwhr@mgh bher es of

t he ratcg pheel into the hub of the piston. is self-evident that the
hydr aulc ey F a&r 2ah@* pAetinkt T E2C cyti @ﬁQ?§§éﬁ§r§t€&lPP&H90ﬁ B5fBt her by

the pisthostebrt herdpneunrtis sylp neiefor Beltdyd tonpicsle@its biFe tpRewaREEC
cylinder contains the conpressed-air cushion responsible for restoring the

val ve E6telo8EngealrREFT OOLaBOvR IHEE TN TURdr @5 $PpFevirdedls ssPace for

col | ectd@n ;Qf +}herhydrauli cqoi | -bei ng di scharged, which oil is
simul taneously effective as lubricating oil. For this purpose, it is

i ntended according to the invention that the WD 2005/ 116408
PCT/EP%Q%%&99§4§Z is provided according to the invention that there is

fastened onto the hub of the piston of the pneumatic cylinder a
ratchet wheel of the freewheel device, in whose circumferential
toothing there engages a plurality of ratchet elements mounted at
intervals around the circumference in depressions of the rotary
cylinder, where they are respectively braced by spring loading.
Expediently, an annular projection of the ratchet ring
simultaneously functions as the axial bracing of the axial
bearing, which preferably comprises a double-track ball bearing.
By the fact that the ratchet wheel is disposed between
compression ring and hub, the possibility exists of fastening the
compression ring by passing bolts through bores of the ratchet

wheel into the hub of the piston.

It is self-evident that the hydraulic cylinder and pneumatic
cylinder are separated from one another by the piston of the
pneumatic cylinder. Below its piston, the pneumatic cylinder
contains the compressed-air cushion responsible for restoring the
valve to closing direction; above the piston there is provided a
space for collection of the hydraulic oil being discharged, which
01l is simultaneously effective as lubricating o0il. For this

purpose, it is intended according to the invention that the



6 rotary cylinder will be provided above the freewheel device with a
plurality of radial bores disposed at intervals around its «circunfere

ahd that annul ar gaps for the hydraulic oi
be provided between the two cylinders as well as between the sup

will

cyli nd%%%’%g/#eﬁg‘% hol l ow of the piston. Fromthere the hydlgcgﬂ%:lgzﬁm%olusg

di scharg

travel s via an annul ar gap bounded by the

circunference of the pneumatic cylinder through further radial bores

val ve

The inventive valve rotating nmechanismis di sposed between an

| ower

housing to the outside and back;into the oilpan or an oil rese

drive elenent, wherein both drive elenents, nanely the hydraul

cylinder and the pneumatic cylinder act via their respective pistons
shank cbtehg vglvedstenilThee pxioaldem et theerfeckwheedudeyitkewiohation

of the _raotary..cylinder,.correspondi ng to, the .helical, gearings.of both
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causes chotiabie@s 85 Belr ot apyrwsyh i trlersudbdfte QRAeSice aiar eekl AB10by
rotation under the action of the conpressed-air cushion, neanlng t hat

rat chefeltbfeRigtons FhenfFeeihecdle deXdiddldiG w1t ke ipgt €Rechakge

rebakyigovenenh hentiapsgit tigsh i d he aley &.3ieme; Thing Fbaky orovenent
of the valve stemis exploited to grind in the valve

t he

seat offhehenkousihg Shdendert Weroymh airttisat radial bores in the valve

housing to the outside and back into the oilpan or an oil

reservolir.

The inventive valve rotating mechanism is disposed between an
upper and a lower drive element, wherein both drive elements,
namely the hydraulic cylinder and the pneumatic cylinder act via
their respective pistons on the shank of the valve stem. The
axial movement thereof produces the rotation of the rotary
cylinder, corresponding to the helical gearings of both
cylinders. The opening stroke of the valve stem produces a rotary
movement of the rotary cylinder in a direction of rotation
permitted by the freewheel device in response to linear movement
of the stem. The closing movement of the valve stem while the
hydraulic cylinder is unpressurized causes rotation of the rotary
cylinder in the opposite direction of rotation under the action
of the compressed-air cushion, meaning that the ratchet elements
of the freewheel device drive the ratchet wheel, via which the
rotary movement is transmitted to the valve stem. This rotary
movement of the valve stem is exploited to grind in the valve
disk onto the valve seat on the housing side at the instant that
the seat faces on both sides meet one another. The grinding

movement ends with increasing pressure when the seat is reached,
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the seat faces on both sides neet one another. The grinding novenent ends
Wi th increasing pressure when the seat is reached, WO 2005/116408

PCT/ EP2004/ 004437 7 a short over-travel phase corresponding to the inerti al
torque of the valve stem bei ng possi bl e because the freewheel device

permt i ppi of the ratchet wheel. The inventive valve i
s(ﬁ%oflgplgm g(irTtheP??M?@“r’% al so

mechani ur'table not only for installation in new eny

suitable for retrofitting into the respective valve housing, by nachining
the hydraulic cylinder, especially by equipping it with the support
cylinder, and by providing the pneumatic cylinder with a new piston, on
whi ch the other parts of the valve rotating device are nmounted. Wth the
i nventive valve rotating nechanism it is now possible to prolong the
usef ul al sherof othe-vadvel stleas betaverrstonalingverhauks iconsidér abkyuef of

exanpl e from 6,000 hours heretofare, to approximately 18,Q00. hours for
g v Te i Q é;; the T ﬁ e v

two- cycl'8 EAGT Red SHhT e 1% PAtHiee Py e Hitgh PGt REF onaF Y &hsr gy

attai nabkeiby seamsied éheché nverdHate whalede rotating nechani sm during

grinding in of the valve disk onto the valve seat on the housing side, a
wel | defined rotational energy acting at the instant that the seat

posi ti@Rei $pLeached. L INeL ?Pé/tatt?ier{%‘: ﬂe%k%%ﬁis%v%‘% g%ﬁk%ﬁgepHBESBhﬂgafgif ect, by

whi ch deposits In the region o e valve seat taces are elimnated, in
conj uné¢hsoalhat hoh hen atwandragienddryati tt her ellypo bBeatabdansber rbetwéeht ihe
netall[call¥abri ht val ve seat faces is _inproved, adv ntggeousl resul ting

in a | oReP fpe %?%?EﬁY?\Y?ﬁ?ernﬁﬂ%ﬁ?gpfbﬂh aFBrPén8onBesBEfraAl hFact i cal
exampl ey0fnfbe, i Dygatiom W) N8:13856g Red with the support cylinder,

and by providing the pneumatic cylinder with a new piston, on

which the other parts of the valve rotating device are mounted.

With the inventive valve rotating mechanism, it is now possible
to prolong the useful life of the valve stem between two
overhauls considerably, for example from 6,000 hours heretofore
to approximately 18,000 hours for two-cycle engines. This is
achieved by the high rotational energy attainable by means of the
inventive valve rotating mechanism during grinding in of the
valve disk onto the valve seat on the housing side, a well
defined rotational energy acting at the instant that the seat
position is reached. Thereby there is achieved desired polishing
effect, by which deposits in the region of the valve seat faces
are eliminated, in conjunction with the advantage that thereby
heat transfer between the metallically bright valve seat faces is
improved, advantageously resulting in a lower temperature in the

region of the valve cone seat.

A practical example of the invention will be described

hereinafter on the basis of the drawing, wherein



herei nafter on the basis of the draw ng, wherein W 2005/116408

PCT/ EP2004/ 004437 8 Fig. 1 shows a cutaway three-di nensional diagramof a
val ve housing, Fig. 2 shows the upper part of the valve housing with
cutaway hydraulic cylinder, Fig. 3 shows detail ITT according to Fig. 1 in

an enl ar iagram Fig. 4 shows a section according to IV-1V of Fig. 1,
al so ﬁ]&gaﬂ%%f‘@rged diagram Fig. 5 shows a cutaway threeg(a?/ﬁ'ézﬁgﬁ/@ﬁ‘glg

di agram of the piston of the pneumatic cylinder and Fig. 6 shows a section
according to VI-VI of Fig. 5 Fig. 1 shows the valve housing of a two-cycle
di esel engine for a marine propulsion unit wwth valve stem 1l installed
therein inits closed position. On a valve housing 2, in which shank 3 of
valve stem 1l is nounted to rotate inside a bearing bushing 4, there is
Seat edFagpneumat i ¢ shyvunderclh aang tthereediachydoadli ¢isytamdet £.valkhe

| atter is separately illustrated in the sane cutaway diagram in Fig. 2. On
the underside of val¥HBlUsing 2 there is inserted thereinto, on the

housi ng;gi de, a valyug,aeathd ifigel pHCRE $pef %QQetﬂ?ﬁgiPé‘ Jegps of bolts
8. Wth its open end, valve seat ring 7 forns the valve seat face on the

housi ng side, whichcftzney dompraivdes ayiandeiral portion 9 formed by _
pr et gl Jons, sueh o Marening . weld; syrlecing ul {1 herd, allpy, a0 which
upper side of valvejdigkamll.
Fig. 4 shows a section according to IV-IV of Fig. 1, also
in an enlarged diagram,
Fig. 5 shows a cutaway three-dimensional diagram of the
piston of the pneumatic cylinder and

Fig. 6 shows a section according to VI-VI of Fig. 5.

Fig. 1 shows the valve housing of a two-cycle diesel engine for a
marine propulsion unit with valve stem 1 installed therein in its
closed position. On a valve housing 2, in which shank 3 of valve
stem 1 is mounted to rotate inside a bearing bushing 4, there 1is
seated a pneumatic cylinder 5 and thereon a hydraulic cylinder 6.
The latter is separately illustrated in the same cutaway diagram
in Fig. 2. On the underside of valve housing 2 there is inserted
thereinto, on the housing side, a valve seat ring 7, which is
fixed there by means of bolts 8. With its open end, valve seat
ring 7 forms the valve seat face on the housing side, which face
comprises a material portion 9 formed by pretreatment such as
hardening or weld-surfacing with hard alloy, and which cooperates
with a corresponding valve seat face 10 (valve cone seat) on the

upper side of valve disk 11.

In a turned recess 12 of hydraulic cylinder 6 there is fastened a



In a turned recess 12 of hydraulic cylinder 6 there is fastened a WO

2005/ 116408 PCT/ EP2004/ 004437 9 support cylinder 13 by shrink-fitting onto
its outer circunferential face. On its inner circunferential face, support
cylinder 13 has a helical gearing 14, with which there is engaged a rotary
cylinder 15 which is provided on its outer circunferential face with_an
externgﬂ)aﬁﬂ?Wﬁg 16 corresponding to internal gearing 14 YT g437
cylinder 13. Rotary cylinder 15, which is illustrated on a |arger scale in
Fig. 5 is received rotatably in a haollow 17 of pneumatic piston 18, which
is received sealingly and in axially displaceable relationship inside
pneumatic cylinder 5. Pneumatic piston 18 separates the conpressed air side
containing cylindrical space 19 for the conpressed-air cushion froma

di schasgepehanbel iRQ@efor3tihe stwyidieut itk igid ol ahk sf waekirons si mul t aneously
as lubricating oil, _In the upper part of the cylindrical space of hgdraulic
cyl i nd6r-TCBREREFBREFRL shaGh- aPn t e tiop e dd rEeAtar ea thydr daCFPe SPBPBAT21, to

whi ch - Lc,8i ) LS ' ia - i -hydraubi.cili 2. ' vi dent
e e L S T S
openi ng movemgntybindatves stv@mdh iiss |[pmavieddyn ditscharge ducts 23, which
open into discharge chanber 20 for the hydraulic oil. Hydraulic piston 21
enbrac&érﬁﬁﬁgﬁr‘éﬂgl%h FCTar Ve sterfid S dhdeormh o &OEéPF’POPHlBPdE? to

move t@h%e@ﬁﬁ@“@égriﬂ%tb@ P el it rdi &G QE.F@%tﬁé&V%¥§EﬁHb§t19i| _
pressures of up'to 170 bar. Acting in the opposite difection thereto is
pneumawhéchi ssohligstrapédhon s2 alawqwisved o iimmEyigand,seal krgeyved t he val ve
stem %%tatably in a hollow 17 of pneumatic piston 18, which is
received sealingly and in axially displaceable relationship
inside pneumatic cylinder 5. Pneumatic piston 18 separates the
compressed air side containing cylindrical space 19 for the
compressed-alr cushion from a discharge chamber 20 for the

hydraulic oil, which functions simultaneously as lubricating oil.

In the upper part of the cylindrical space of hydraulic cylinder
6 there is shown at the top dead center a hydraulic piston 21, to
which hydraulic oil is admitted wvia an oil-hydraulic line 22. As
is evident in Fig. 2, the stroke of hydraulic piston 21 in the
direction of the opening movement of valve stem 1 is limited by
discharge ducts 23, which open into discharge chamber 20 for the

hydraulic oil.

Hydraulic piston 21 embraces upper end 24 of valve stem 3 in the
form of a bell, in order to move this downward in the opening
direction of the wvalve stem at o0il pressures of up to 170 bar.
Acting in the opposite direction thereto is pneumatic piston 18,
which 1is also joined firmly and sealingly to the wvalve stem, as

will still be described hereinafter in connection with Figs. 3



will still be described hereinafter in connection with Figs. 3 WD 2 00 5/1 1
640 8 PCT/ EP2004/ 004437 10 and 5. Cylindrical space 19 of pneunatic
cylinder 5is in comunication with the conpressed-air supply of the
operating system which nakes 5 to 7 bar available for closing the valve
stem The conpressed-air cushion in cylindrical space 19 noves valve stem1
back i WQ&18¥118¢#08di recti on as soon as this has reached theP@GER280H A
center (not illustrated) at maxi num open position and the oil pressure in
hydraul i c cylinder 6 has been corresgondlngly reduced. During its

di scharge, the hydraulic oil is forc g to flow out of di scharge |ines 23
via an internal region 25 of discharge chanber 20 and t hrough diverse bores
and annul ar spaces, as will be described in nore detail hereinafter in

conj unghon We i Figi e éﬁgééfﬁb(BﬁfﬂhéU%¥ﬂg% %@195d@k5§h§59§n chamber 20 of
hydraulic cylinder 6, and fromthere'via an annular space 27 between

hydraubpmmcyicﬂdemnﬁwamm ¢hEHEHMpnesgﬁd1&y;rsﬁppéwdoﬁuthhepthaoug@ radi al

bor es 28 n_hydr aul | i hder back t. servoir 3 shows

et ai | SPPFor i G 1R E3, TG of GF GrAdrARL S £°%1 RCPRABS R)Gr SAFTE oyl nder
6 WIths@@ﬁpomeca&m@ﬂ@sé&éﬁgﬁstc&mﬂoﬁ her eiyninexxtieenakpgear 1pgmd6eof rotary
cylinder 15 being engaged wth the internal gearing 14 of the said support

cyI|ndéﬁlveEitémnhlb@@%flﬁmfh9§4ﬂﬁ;Qﬁﬁﬁ¢Q§W@rﬁérS@QPeﬁﬁ thiaxhab direction
than t?@a&ﬂégrgﬁé 9 ?{ Ogd Sé’é%Pcod:t ?%6% s%% L1, t0Ls way Q%eltlm
cons FRE 3

cylinders rémarn one “8nother uring éni ng
strokepeﬁlvabneaﬁaeﬂmé.ofblpﬁéﬁsuxﬁﬂudumydkéul1b6c@nenadeqeahebybéubr|cated
by the hydraulic oil being , , , , ,
correspondingly reduced. During its discharge, the hydraulic oil
is forced to flow out of discharge lines 23 via an internal
region 25 of discharge chamber 20 and through diverse bores and
annular spaces, as will be described in more detail hereinafter
in conjunction with Fig. 3, into an outer region 26 of discharge
chamber 20 of hydraulic cylinder 6, and from there via an annular
space 27 between hydraulic cylinder 6 and pneumatic cylinder 5

and further through radial bores 28 in hydraulic cylinder 6 back

to the o0il reservoir.

Fig. 3 shows detail III of Fig. 1 in an enlarged diagram. It
includes hydraulic cylinder 6 with support cylinder 13 fastened
therein, external gearing 16 of rotary cylinder 15 being engaged
with the internal gearing 14 of the said support cylinder.
External gearing 16 has much shorter extent in axial direction
than the internal gearing of support cylinder 13. In this way,
the two cylinders remain constantly engaged with one another
during the opening stroke of valve stem 1. Helical gearings 14,
16 are adequately lubricated by the hydraulic o0il being
discharged; for additional lubrication of the threaded linkage

there can also be provided a circumferential lubricating groove



di scharged; for additional |ubrication of the threaded |inkage there can

al so be provided a circunferential |ubricating groove WO 2005/116408

PCT/ EP2004/ 004437 11 29, which is in comunication with internal gearing 14
of support cylinder 13 via radial bores 30 therethrough. Lubricating groove

29 is I th lubricating oil via an oil port 31. A

engageggﬁﬁ) gﬁéﬂk is sufficient for the threaded |inkage, ]Hﬁgﬁgﬁgug‘?érnal
gearing 16 of rotary cylinder 15 has only approxinately one half to one
third of the axial length of internal ,gearing 14 of support cylinder 13.
Besi des the cost savi ngs associ at ed t%eremﬁth, there is achieved a |arger
cross section for the hydraulic oil being discharged in annular gap 33
between the two cylinders; this oil flows via radial bores 32 of rotary
cylindes, WBioUtisfimheommmmﬂwﬁﬂidmxﬁﬂmh Z&t@&ndﬂsghamgagchAHbérsﬁﬁpoatter

which it _flows via annul ap 33 between the two | i nders ., downward vi a
hol | owCY#Bfepntdinktf c* SE?gﬁﬁi ﬁﬁﬁﬁxﬁﬁéwugﬁpwéPHrﬁﬁ?Gﬁﬁﬁ 4h°ghnul ar

space 34 bet W@ﬁﬁli@@ @yﬁﬁrw@llc@a‘mge&qns;ﬁn ah/ oaRdpbhe Qut ep ﬁhﬁwﬁﬁerence
of support cylinder 13 1nto outer space 26 of discharge chanber 20

hydraubngagyMEndeien@thFiﬁnsmfﬁﬁcxﬁnmﬁfqmegm@ntzaeaﬂhe hydkagb»caodIS©hen

fl ows tmar? via_ an r ce 27 betwe he ou circunfere
Dheunat R Lt P nieer Ehanle Lhh SRR, e dncboer SHG: abPr e st Ehder o

t hroughneuthet bersse 2§hifbt$1i€ ¥ indrdicaleneghl oef inRkdnatl beacyhinder 6-
Bracing of rotary cylinder 15 inside hollow 17 of pneumatic piston 18 is

assume@fbyupporki avlbede¥ nks - it Tifdss tdenpeséd seviags agcaribakf bearing 35.
Furthe%h%%%@ht?faghggetbgr§%ﬁlé$%&”(nﬂé¥g%r cross section for the

hydraulic oil being discharged in annular gap 33 between the two
cylinders; this oil flows via radial bores 32 of rotary cylinder
15 out of the internal region 25 of discharge chamber 20, after
which it flows via annular gap 33 between the two cylinders
downward via hollow 17 of pneumatic piston 18 and then back
upward through an annular space 34 between the outer wall of
extension 17 and the outer circumference of support cylinder 13
into outer space 26 of discharge chamber 20 of hydraulic cylinder
6. From this outer region 26, the hydraulic o0il then flows
outward via an annular space 27 between the outer circumference
of pneumatic cylinder 5 and the inner circumference of hydraulic
cylinder 6 through outlet bores 28 in the cylindrical wall of
hydraulic cylinder 6.

Bracing of rotary cylinder 15 inside hollow 17 of pneumatic
piston 18 is assumed by an axial bearing, which is composed of an
axial ball bearing 35. Further axial bracing thereof is provided
by a lower support ring 36, which fits into a corresponding
groove on the inside 0of rotary cylinder 15, as well as by a

collar 37 of a ratchet wheel 38 of a freewheel device. Ratchet



by a | ower support ring 36, which fits into a corresponding groove on the
inside of rotary cylinder 15, as well as by a collar 37 of a ratchet wheel
38 of a freewheel device. Ratchet WD 2005/116408 PCT/ EP2004/ 004437 12 whee
38 is fastened by nmeans of bolts 40 onto a hub 39 of pneumatic cylinder 18.
Fi g. 4X%po S 1k %chet wheel 38, which is covered on top by a _ conpression
ring 44, Ph*%®s al so bolted by nmeans of bolts 45 onto H /g0 #mﬁﬁéunatic
cylinder 18. Accordingly, ratchet wheel 38 has bores 46, through which
bolts 45 are screwed in. These bores;46 for passing bolts 45 through and
into ratchet wheel 38 are illustrated in the diagramaccording to Fig. 6.
Bolts 40, also present therein, function to fasten ratchet wheel 38. Fig.
6, which represents a section according to VI-VI of Fig. 5  shows a

hori zonhaklssgt i onfd hirough ¥ Ptarah LW maderk s130 bAtwhaCAubSBy bat chet

el ements 41 are nounted at intervals around the circunference. Each of

t hese pacehetiel evbhm®cr1l8s held in |ocking position with its detent paw
by a plunger 43 urged by a ratchet spring 42. This |ocking position
prevents rotation of ratchet wheel 38 relative to rotary cylinder 15 in a
direct Fog.of shovatrotclascortdialg 380 amriow 2%. cOnetrbe ohhevphanda rotati on of

ratchet wheel 38 relati tq raqtar yl inder 15 agai nst the ri action
of bl GHGEPEaES Te pabe b & M 1ol Tt BodPBaPTORe 0P PorRPEDR Alcar i n
to arrewtP2hubn3such pneasesid ey naes afs. natehatinghementschdt skhheel out of

the way over the teeth of ratchet wheel 38. The enl arged sectional diagram
accord%ﬁgh?ﬁ ¢?5¢s54§5 Eﬁﬁﬁpqq)whlch bolts 45 are screwéd in. These

bores 46 for passing bolts 45 through and into ratchet wheel 38
are illustrated in the diagram according to Fig. 6. Bolts 40,

also present therein, function to fasten ratchet wheel 38.

Fig. 6, which represents a section according to VI-VI of Fig. 5,
shows a horizontal section through rotary cylinder 15, in which
six ratchet elements 41 are mounted at intervals around the
circumference. Each of these ratchet elements 41 is held in
locking position with its detent pawl by a plunger 43 urged by a
ratchet spring 42. This locking position prevents rotation of
ratchet wheel 38 relative to rotary cylinder 15 in a direction of
rotation according to arrow Pl. On the other hand, rotation of
ratchet wheel 38 relative to rotary cylinder 15 against the
spring action of plunger 43 is possible in the opposite direction
of rotation according to arrow P2. In such a case, the pawls of
ratchet elements 41 slide out of the way over the teeth of

ratchet wheel 38.

The enlarged sectional diagram according to Fig. 5 is used to
illustrate the arrangement of rotary cylinder 15 inside hollow 17
of pneumatic piston 18. Support cylinder 13 has been omitted from
this diagram. Illustrated particularly clearly is the central

bore in pneumatic cylinder 18, which ends conically upward.



illustrate the arrangenent of rotary cylinder 15 inside hollow 17 of
pneumati c piston 18. Support cylinder 13 has been omtted from this
diagram Illustrated particularly clearly is the central bore in pneumatic
cylinder 18, which ends conically upward. WO 2005/116408 PCT/ EP2004/ 004437
13 Bet yee i s _conical expansion 47 of the receiving bore for shank 3 of
val ve gﬁ% O%ngﬁﬁ the outer circunference of shank 3 thereﬁqng@%@@ﬁwfn a
clanping part that is clearly visible in Fig. 3 and that has the formof a
cone bushing 48, which is axially secyged by conpression ring 44. On its
inner side, close to its upper rim cone bushing 48 has an inwardly
protrudi ng bead 49, which engages in a correspondi ng annul ar groove 50 of
shank 3 of valve stem 1. Wen valve stem1l is noved by feed of hydraulic
oi | vi Bebwekenhyldi autori ¢a hee:@2friam tdve ofl aded rposiiviion shoenfon Fhgnk1
downwar,d in_the directjon of valve apenin in which_hydraul iLc iston 21
exertsgao%oY? LHondth f%ﬂé;§Qﬁ1QHﬁ§ rcéﬁ&%?£e5ﬁn§§lgé ggﬁaﬁk53Fh$ﬁ?sl%xial
st rokewsnyeaent Hréngspabpudare cofatesponrdieadl yaxiaivad] ust regt df afi@t ary
cylinder 15, which rotates in the directian of_aerM/PB.éFig. 4) while
bei ng bPateld2dn-Bopport Oyt iGRIE PEShiiefdas "HAEN v aPveXt appit SPEUREY ed
strai ghy, dempwessdion thusg openidyy itthe ivalove sseat, . cCoprerselys wbgart he
conpressed-air cushion in cylindrical space 19 noves pneunatic piston 18
upwar draft eFORRSO RS2 1T R3A iademvarad yh@E6frs udeépPebssafi 28d, WhheR 1ifting

val ve éh?éﬂ;ési hthe-diregtion of 1he16l08edopeskhi gr, shhgxhe! beal,gearing
between the two cylinders brings about rotation of rotary cylinder 15 in
t he stem 1.

When valve stem 1 is moved by feed of hydraulic oil via oil-
hydraulic line 22 from the closed position shown in Fig. 1
downward in the direction of valve opening, in which hydraulic
piston 21 exerts a corresponding force on upper end 24 of valve
shank 3, this axial stroke movement brings about a corresponding
axial adjustment of rotary cylinder 15, which rotates in the
direction of arrow P3 (Fig. 4) while being braced on support
cylinder 13, whereas the valve tappet is moved straight downward,

thus opening the valve seat.

Conversely, when the compressed-air cushion in cylindrical space
19 moves pneumatic piston 18 upward after the hydraulic cylinder
has become depressurized, thus lifting valve stem 1 in the
direction of the closed position, the helical gearing between the
two cylinders brings about rotation of rotary cylinder 15 in the
direction opposite the direction of rotation according to arrow
P3. This has the result that the freewheel device locks, or in
other words ratchet elements 41 being moved together with rotary

cylinder 15 drive ratchet wheel 38, making it rotate in the



direction opposite the direction of rotation according to arrow P3. This
has the result that the freewheel device |ocks, or in other words ratchet

el enents 41 being noved together with rotary cylinder 15 drive ratchet

wheel 38, meking it rotate in the WO 2005/116408 PCTIEP2004/004437 14
direction of arrow P4 (Fig. 4), valve stem1l then being rotate

cor r es PENIPHY P8t her ewi t h vi a cone bushing 48. This rot atlpcﬁT’lEﬁzoo“(Pﬁ‘f‘\% stem
1 causes valve disk 11 to grind in against the valve seat on the housing
side at the instant that it reaches tgg val ve seat, thus making the seat
faces grind one another in the desire manner. The val ve seat faces
occupying the two sides and formng the valve seat are polished snmooth in
this process, thus achieving a |l eaktight valve seat and al so i nproving the
heat gxechapgsenbstvweenoyabye digk Al andherwal Ve peat b%hﬂg oBthheg housing
side. The direction of rotatlon of the val ve disk during e grinding-in
acti oncpsrepdocdt gl pytlaereow 26 vim Koge @usan@glﬂ8 cbhriespohdsibn dvhe
directio of rotation of the ratchet wheel accord to arrow P4, By virtue

of theVAa¥s PhebttaCdfSthe’Val% &St émy Yh&Tpossithi Iagtafzné% 5P§ YALYSthe
val ve stem | Jchéok%ﬁé‘ir'r‘?? 19 qd Oétatt%eacﬁ%rt%h 9 thQ a5 EOWeBan i L fet 52y ve

freewheel device is stil ratcheting according to arrow 22, even though
rotaryseytlndEﬂs1ﬁakiﬁgaﬁmeaﬁya6tﬁdddﬂﬁ@ﬂLndWBh%O@ﬁbi56408np€ﬁéEE@QBéé@04437
15 Cains 1. A valve rotating nechani smfor exhaust val ves, especially of
mar i neldiraset E%%iﬁ@%Yevﬁﬁ%%i%%&ﬁéﬂ@ﬁﬂﬁ%§n@r§@€dtWﬁ aldgpyand forming

the valve seat are polished smooth in this process, thus
achieving a leaktight valve seat and also improving the heat
exchange between valve disk 11 and the valve seat ring on the
housing side. The direction of rotation of the valve disk during
the grinding-in action is indicated by arrow P5 in Fig. 4, and it
corresponds to the direction of rotation of the ratchet wheel
according to arrow P4. By virtue of the mass inertia of the valve
stem, the possibility exists that the valve stem will continue to
rotate according to arrow P5 while the freewheel device 1is still
ratcheting according to arrow P2, even though rotary cylinder 15

is already stationary.



housi ng for the valve stem (1) between an upper and a | ower

drive el enent,

wherein it is linked to the lower drive elenent via a freewheel device,
which transmts rotation of the valve stem (1) during the closing novenent

thereof, and wherein it is braced relative to the upper dr

ve el enent via

a. rot (15), which brings about rotation of th (1)
throug :ﬁé%%gﬁﬁnt with a fixed support cylinder (13), ﬁg?é§?§”0§hg

that the rotary cylinder (15) and support cylinder (13) are

engaged mnth

one another via a helical gearing, wherein the rotary cylinder (15) is

linked to the valve stem (1) via the reewheel device, and

wherein the

support cylinder (13) is fastened on the housing side. 2. A valve rotating
mechani sm according to claiml for a two- cycle engine, in which the upper
drive element is formed by a hydratlaimsylinder (6) for controlling the

opening stroke of the valve and the |lower drive elenent is
pi ston (18) of a pneumatic cylinder (5) for controlling the
nmovenent of p the yal M&: 3 3ind el i%at abl-ng ARGBaN;, 8 M,86COE
characterized in that WO 2005/116408 PCT/ EP2004/ 004437 16
cylinder (18jrime mmﬂ&jlechwndesan whiitchr nakchahébincabk geacédgi

formed by the
cl osi ng

bogido gl m 2,

he support
i 1d)vaishe ch in
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drive element, wherein it is linked to the lower d
element via a freewheel device, which transmits ro
the valve stem (1) during the closing movement the
wherein it 1s braced relative to the upper drive e

a rotary cylinder (15), which brings about rotatio

rive
tation of
reof, and
lement via

n of the

valve stem (1) through engagement with a fixed support

cylinder (13),

characterized in that

the rotary cylinder (15) and support cylinder (13)
engaged with one another via a helical gearing, wh
rotary cylinder (15) is linked to the valve stem (
freewheel device, and wherein the support cylinder

fastened on the housing side.

2. A valve rotating mechanism according to claim 1 fo
cycle engine, in which the upper drive element is
a hydraulic cylinder (6) for controlling the openi
of the valve and the lower drive element is formed
piston (18) of a pneumatic cylinder (5) for contro

closing movement of the valve.

3. A valve rotating mechanism according to claim 2,

characterized in that

are
erein the
1) via the
(13) 1is

r a two-
formed by
ng stroke
by the
1ling the



4. A valve rotating nechani smaccording to claim?2, characterized in that
the rotary cylinder (15) is provided with an external gearing (16), which
in axial direction corresponds at |least to the mninmm engagenent |ength of
the two cylinders. 5. A valve rotating nechani smaccording to claim2

char ac that the support cylinder (13) is fastene

shrlnkgﬁék ?&8#5% its outer circunference in a correspondﬁg§¥§@3ym%f”the
hydraulic cylinder (6). 6. A valve rotating mechani smaccording to claimS5,
characterized in that the support cylijpder (13) is provided on its outer
circunference with an annul ar Iubrlcatlng groove (29), which is in

comuni cation with the internal gearing (14) of the support cylinder (13)
via radial bores (30). 7. A valve rotating nechani smaccording to claim 2,
charact eri zetiei sBuppattt heliotiary ( ty]ihﬂajrdﬁfﬁedswﬂﬁthmednmeEMaﬂts i nner

circunference via_an axial bearing (35) |n5|de a cylindrical hollaow (17) of
t he piston %féfcéﬂ Eﬁérbﬂguﬁig g@%?%d%ﬁ axigl G Th&ECHEREPERERK (3) of

the valve stemElki $o Eﬁ@ei¥§§tlb>’ofr&}§é'cgibﬁl'r¥ i 18 gl ot higugh bore of
a hub WO 2005/ 116408 PCTI EP2004/ 004437 g) of the piston (18). 8. A

val ve rotatpdgsw@bhamﬁshmamcen@&m@m@mﬁcﬂ%ﬂqﬂh7of'dﬁarém&emnﬁe@dENSthat

4, A valve rotating mechanism according to claim 2,
characterized in that
the rotary cylinder (15) is provided with an external
gearing (16), which in axial direction corresponds at least

to the minimum engagement length of the two cylinders.

5. A valve rotating mechanism according to claim 2,
characterized in that
the support cylinder (13) is fastened by shrink-fitting of
its outer circumference in a corresponding seat of the

hydraulic cylinder (6).

6. A valve rotating mechanism according to claim 5,
characterized in that
the support cylinder (13) is provided on its outer
circumference with an annular lubricating groove (29), which
is in communication with the internal gearing (14) of the

support cylinder (13) via radial bores (30).

7. A valve rotating mechanism according to claim 2,
characterized in that
the rotary cylinder (15) is mounted with its inner
circumference via an axial bearing (35) inside a cylindrical
hollow (17) of the piston (18) of the pneumatic cylinder
(5), and in that the shank (3) of the valve stem (1) is

received by friction fit in a central through bore of a hub



the shank of the valve stem (1) is wedged frictionally in the through bore
by nmeans of a clanping part, and in that the clanping part is forned as a
cone bushing (48), which is axially secured by a conpression ring (44)
bolted to the hub (39) of the piston (18). 9. A valve rotating nmechani sm

accor di characterized in that there is fast e hub
(39) oPagﬁhgqﬁ&@%n (18) a ratchet wheel (38) of the freemﬁ@ﬁgpﬁgbw%%g

whose C|rcunferent|al toothing there engages a plurality of ratchet

el ements (41) nounted at intervals arqynd the circunference in depressions
of the rotary cylinder (15), where they are respectively braced by spring

| oadi ng. 10. A valve rotating mechani smaccording to clainms 7 and 8,
characterized in that the ratchet wheel (38) is disposed between conpression
ring (44) dfd)hab £B9)P131onAY&l ve rotating mechani smaccording to claim
2, characterized in that the rotary cylinder (15) is provided above the

fr eewheel evice Wt pluralijt radi al, bores (32) djisposed at
i nterval's a%oﬁﬁ V?t§OEF€éEﬂTQ?%%% ls@uﬁf???%%ﬂﬁ Sthirdied® gaps for the

hydr aul i ¢ oichalbecngrdizsdhangedat her et hrough are provi ded between the two

cylinders (13, tﬁ% BSopelh e 85,1 PELVEEN SUPRY L, Lyldndsr ANdLLAe hell ow (17)
of the plstgge

hrough bore by means of a clamping part, and
in that the clamping part is formed as a cone bushing (48),
which is axially secured by a compression ring (44) bolted

to the hub (39) of the piston (18).

9. A valve rotating mechanism according to claim 2,
characterized in that
there is fastened onto the hub (39) of the piston (18) a
ratchet wheel (38) of the freewheel device, in whose
circumferential toothing there engages a plurality of
ratchet elements (41) mounted at intervals around the
circumference in depressions of the rotary cylinder (15},

where they are respectively braced by spring loading.

10. A valve rotating mechanism according to claims 7 and 8,
characterized in that
the ratchet wheel (38) is disposed between compression ring
(44) and hub (39).

11. A valve rotating mechanism according to claim 2,
characterized in that
the rotary cylinder (15) is provided above the freewheel
device with a plurality of radial bores (32) disposed at
intervals around its circumference, and in that annular gaps
for the hydraulic o0il being discharged therethrough are
provided between the two cylinders (13, 15) as well as
between support cylinder and the hollow (17) of the piston
(18).





