WD 2005/ 116408 PCT/ EP2004/ 004437 1 Val ve rotating nmechani smfor exhaust
val ves, especially of marine diesel engines The inpvention relates to a
val ve rotating nechani smfor exhaust valves, espeC|aHIy of marine diesel
engines or the like, which mechanismis braced in a val ve housing for the

val ve an upper and a |lower drive element, wherein it is |inked
to the§hfgwg&h%§ ve elenent via a freewheel device, which B¢TERO%MEY| on

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 nmechanismis described in Gernman Patent
3113944. The known nechani sm conprises two cylindrical portions, which are

di sposed concent rv£Rd Yed &l filig/ endcPa@i@maRethaknandt paivesn which two balls
are guided in rotational novenent in such a way that they respectlvely

engage in a ball sockeergfriphéyopt mayinedliessl prddngs 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 ndrineali rrertiiens resadehi eved by1ps oV iith@ i i dny fr Radlaussocket's
and ball tracks disposed at intervals around the circunference of the two

cyI|ndﬂ@é&ﬁspoﬁﬁpéﬁéal¢Wepér@BF?H?h@le%ﬁﬂIGQQ%R%%‘ﬁ@@éﬁiﬂéﬁﬁbrnﬁbﬁha spira
i cqusian AR, e yelus. (ol Sana e e Sl badgeal
2005/1k@ﬂ@@p@@réﬁazgoébﬂgé4az1ve 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 ancother and
between which two balls are guided in rotational movement in such
a way that they respectively engage in a ball socket of the cne
cvlindrical 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 ceonstant pitch.

In this known wvalve rotating device, a cylindrical porticn is

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 |l 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 neans of the known mechanism a relatively
hi gh speed of rotation of the valve stem can be attained during the closing
oper at i'OA20RAN0Er | some wear of the ball tracks has to bePCEEBEWHAY43T
meani ng that regul ar replacenment of the corresponding cylindrical portions
is inevitable. In contrast, the object, of the present invention is to
provide a valve rotating mechani sm of %t he type nmentioned herei nabove that
is particularly durable and can be subjected to high |oads, while
nevert hel ess responding with high acceleration. This object is achieved

accor dinng 40 & he icheenthon by khe=f agt othat theis9tary) oydinder, apd support

cylinder are engaged with one another via a helical gearing, wherein the
rot ary afylthedew liigidriicaledoreoivthe palive stekedilayt biee f fesaiestl dviice,. and

the s ort cylinder i astened to the_val ve. housin The | nventive val ve
otat R S T aarE LT BERHer BE SYbSart CE et oty | ne
engi nesiuBuly idphadd Wl arifeh tworneyakee8pgbness +H-MH&h, the upper drive

elenment is fornmed by a hydraulic cylinder for controlling the opening
stroke of the wvalve and the lower drive elenment is formed by the piston of

a pne%gptic cyli %%% f.or contrgllin the_closin venent of the WO
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rotation of the wvalve stem can be attained during the closing

o operation; however, some wear o 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 Che type mentioned hereinabove that
is particularly durable and can be sukjected to high loads, while

nevertheless responding with high acceleraticon.

This object is achieved according to the invention by the fact
that the rotary cvylinder 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
hydraulic 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 that_ it lifts fromthe valve seat, as well as by a pneumatic cylinder
acting YRR YPbosite direction, to nove the valve stem ByTFREAMNEOUAT t s
pneumatic piston back in closing direction after conpression. An air
pressure of approximately 7 bar is sufficient for this purpose, whereas the
oi |l pressure acting on the oil piston fs 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 | engtih,0of the opening stroke of the valve plus the m ni rum engagenent

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

| east Q) theiedH HaAIMLRIGSRABNT th@ngfybl% bhecdwo,eybd poeLs. 4 lag{Hol es of
suitable toothing data for the helical gearing are a tooth hei

appr oxitfEtE S IG5 (i &ivd Ve prtéhing @ﬁﬁb@@%smt%ﬁ s cey th@ver écetent hat
the suppgiitsd der iiehenahkl %y@@ﬁd@rgeﬁﬁi&g £&XheNndh 010,600t 1 uoysd y over
its entire length, whereas the rotary cylinder has an external gearing that
ext ends-TooWiWeled FemSETey e ANAOWDO65/ $164D5S PUIT/ EPPOD4F 004487V e 45 tbridki mat el y

one thiyyk ofi dd& il@ngt-h Jfiriem iik:S o4BREr €PdthBt it lifts from the valve
seat, as well as by a pneumatic cylinder acting in the opposite

direction, to move the wvalve stem by means cf its pneumatic

o

piston back in clesing direction after compression. An air
pressure of approximately 7 bar is sufficient for this purpose,
whereas the oil 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 correspcends at least Lo 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
correspondi ng seat of the ( hydraulic cylinder. In the region of its

fasteni ular lubricating groove can be advant agequsl rovi ded on
t he ouﬂgﬁaggﬂgga?he support cylinder, thus supplying the ggﬁFF%a%mPFﬁ”

| ubricating oil via radial bores. In contrast, the rotary cylinder is
mounted with its inner circunference yia 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 of the piston. The rotary cylinder is therefore axially imovable

Wi t h t Feppixsiten.e thutonies thever plhieliéss lapaht efirto 1ot atepeelatd viemt hereto in
a direct] f tat.i perm tte devi ce.. F } S. purpose
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to be f nggr : hi_ng .ch_ ;s a C onpr essi on
ring béﬁ{e fg%ﬁﬁﬁggﬁﬁﬁ %%%tﬁg 6?@?8%?6 u??gﬁl%kg%éfﬁgéggaﬁ%$ﬁﬁﬁbart are
coni callubriimptsiegivent s, preferably of steel according to SAE 1010, that
engage via an inner bead in a correspondi ng annul ar groove of the WD

2005/ 116408 PCT/ EP2004/ 004437 5 shank of the valve stemin the manner
descri etbddi dUS 1Rat ente support cylinder is fastened by shrink-fitting

of its outer circumference in a corresponding seat of the

C hydraulic cylinder. In the region of its fastening, an annular
lubricating grocve can be advantagecusly provided on the outside
of the support cylinder, thus supplying the gearing with

lubricating oil wvia radial bores.

In contrast, the rotary cylinder is mounted with its inner

circumference via an axial bearing inside a cylindrical hollow of
the piston of the pneumatic cylinder, the shank of the valve stem
being received by fricticn fit in a central thrcugh bere of a hub

of the piston.

The rotary cylinder is therefore axially immovable with the

e

pisten, but is nevertheless mounted to rotate relative theretc 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 tc be formed as a cone
bushing, which is axially secured by a cocmpression 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 cerresponding 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
destro % g@ﬁﬂ as those at the sane end as the freewheel device. Finally,
it is éf g1 %cording to the invention that there is fESTERMGVOMEY t he
hub of the piston of the pneumatic cylinder a ratchet wheel of the
freewheel device, in whose circunferengial toot hi ng 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 afreously frhectizane asetmhénaxhal mbrnast nge of r ithed axi als teadring, which

pr ef er apl onprises a double-track ball bearing. By the fact that_ the
ratcheggﬁﬁgéﬁ'igh&i§§8§§Hrﬁeﬁﬁﬁéﬁedc8ﬂpF%§s?%ﬁpﬁ}%@ £ b, "]3HE pYssibility
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the ratchet wheel into the hub of the piston. It is self-evident that the
hydr aulticd seypischd@ér aRgTpRetnaerguceyinnter Brensepaf at eyl ¥vwm e Wiibther by

the piston.ef..the Rneuratig %Xh%”ﬂ%%ar@e PUL | ESoRL ST oM. < the pneummt].c
cylinder <contains the conpressed-air cushion responsible for restoring the
val ve tmpteltdsiongedihcedtsivomoudbobe thetpbgton theheas stipvoviadedle space for

cpllec%h&p oft%%efQ%%%%%ghc Qi l. gging di scharged, which oil is

S|nultaneoﬁ§ly ef fective asdﬁﬁﬁPlcating oil. For this purpose, it is

i ntended according to the invention that the WD 2005/116408
FCT/EP%%Eé&%%i4%1 is provided accoxding 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 cof 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 pisten.

It is self-evident that the hydraulic cylinder and pneumatic
cylinder are separated from one ancther 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
cil is simultaneously effective as lubricating cil. For this

purpose, 1t 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 circunference
and that annular gaps for the hydraulic oil being discharged through these
wi |l be provided between the two cylinders as well as between the support
cylinder and the hollow of the piston. Fromthere the hydraulic oil being
di'schar y&083EA408t r avel s vi a an annul ar gap bounded by the RSUVER2004/004437
circunference of the pneumatic cylinder through further radial bores in the
valve housing to the outside and back into the oilpan or an oil reservoir.
The inventive val ve rotating nechani smfs di sposed between an upper and a

| oner drive elenent, wherein both drive elenents, nanely the hydraulic
cylinder and the pneumatic cylinder act via their respective pistons on the

shank O£O£Q§¥V@%¥ﬁ1§é My Thehe agﬁ_ia}dildgaf%%%% ther %Qfee%g@%f:aévalag @gﬁﬁti on

of the rotar er, corresponding to the helical gearings o
cyl i ndeasplThelbpenthgrstiakeoofes hibl sralaeel stremnpeodades aacnotiaiys novenent

of the rotaerg¥é£ ge£ in_a direction of raqtati ted
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causes rotation of the ota&g Q%Iin er in the ogpqsite direction of
rot at i ofiYUhBEFLENBS altton?S of SHHEE R It sYEERdi CYuERtoNn 2Re &RENGOLAEY t he

ratchet oel epENESst 6. t heohr eevhealndey e driveitiheiachet-waegkyg ¥Yhanwhi ch
the rotary novenment is transnmtted to the valve stem This rotary novenent
of the GaRVElst Bafi dNexpholdedian iunted it Hdevslnier gilskusAesenrkhe 94l ve

s?at OntBerHQHﬁgggcs&gfiﬁaefh@hféﬁﬁﬁ”ﬁuféﬁ@r radial bores in the valve
(

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

reservoir.

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 cf the rotary
cylinder, corresponding to the helical gearings of both
cylinders. The opening stroke of the wvalve 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 cf the rotary
cylinder in the opposite direction of rotation under the action
of the conpressed-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 wvalve
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 1s reached,



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
permts slipping of the ratchet wheel. The inventive valve rotating

mechani ¥ 3085/81g#48abl e not only for installation in new engRGCEEP200400#437al so
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
inventive valve rotating nechanism it is now possible to prolong the

useful Li v t weer. r.hauyl rahl
exanplegfggﬁ?% %8% hghgge ?@%%%ore fﬁﬁgﬁﬁggiﬁghﬁ & g%%§63§1h28¥
t wo- cyctbeengﬂnesstEM|BeLBg 9@$ﬁ£ﬁ&ﬁjﬂgpadﬂfinny1ﬂnmamhe@ﬁaUeaneegy

attai nabl e th i nventi.v ve rotating nmechani sm during
grlndlnBeFﬁléF Fgépp%ggv%g F3% Dhtd's qu§ﬁVe seat on the housing side, a
wel | defined rotational energy acting at the instant that the seat

position is reached. Thereby there is achieved desired polishing effect, by
whi ch dé?b@sﬁnsfenﬁltfﬁevaégeohomtwﬁa wethan isemtl f g#oad abdree n@lti winAgt édr in
conjunctlo adyant age. t hat Ihereb heat. .tr nsf
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exanple of the invention will be described
cylinder, especially by equipping it with the support cylinder,

.

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

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

With the inventive valve rotating mechanism, it is now possible
tc prolong the useful life of the valve stem between two
overhauls considerably, for example from &,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 1s achieved desired polishing
effect, by which deposits in the region of the wvalve 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 Ill according to Fig. 1 in
an enlarged diagram Fig. 4 shows a section according to IV-1V of Fig. 1,
al so iwoamsanésag ged di agram Fig. 5 shows a cutaway threepdiriRagisenak7

di agram of the piston of the pneumatic cylinder and Fig. 6 shows a section
according to VI-VI of Fig. S. Fig. 1 shows the valve housing of a two-cycle
di esel engine for a marine propulsiongunit 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
seated a pneumatic c¥linder 5 and thereon a hydraulic cylinder 6. The

| atter 759 separat el FRPFBuSt Fafaday nthhee séiee it dvmly didtiamos # Magve2. On
t he undersi de of vakggSqusing 2 there is inserted thereinto, on the
housi ng side, a valve seat‘ring 7, which is fixed there by means of bolts
8. Wthrids Ddpen endhowal vaesepperrpagt 7of ofrie ddiere aloes iseptwifrace on t he
housi ng side, which face conprises a material portion 9 fornmed by
pretreatnent such aSUtR¥PYeRYAGEBEIRefBl S %%Bci ng with hard all oy, and which

cooperages. W th a canlespandiRoryal Ye5paInd A% A (VAIME £PNG S8Rk, ON the

upper sid isk 11.
diagram,
Fig. 4 shows a section according tc IV-IV of Fig. 1, also

in an enlarged diagram,
Fig. 5 shows a cutaway three-dimensicnal diagram of the
piston of the pneumatic cylinder and

Fig. & 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 is
seated a pneumatic cylinder 5 and thereon az hydraulic cylinder 6.
The latter is separately illustrated in the same cutawayv diagram
in Fig. 2. On the underside of valve housing 2 there 1is 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 wvalve 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 PCTI 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

ext er nakvmes/ingsl6 corresponding to internal gearing 14 ofCEURRGE04437
cylinder 13. Rotary cylinder 15, which is illustrated on a |arger scale in
Fig. 5 is received rotatably in a hollow 17 of pneumatic piston 18, which
is received sealingly and in axially displaceable relationship inside
pneumatic cylinder S. Pneumatic piston 18 separates the conpressed air side
containing cylindrical space 19 for the conpressed-air cushion froma

di scharge chanber 20 for the hydraulic oil, which functions sinmultaneously
as | ubr PERPPRE BYLINARR tRePUppeFipartli B ahe A idddy itd®space of hydraulic

cyl i nder.; i h at~th o qggggg ydraw.i ¢ pi 1, to
whi ch h%éfgﬁﬁ?gEgPF§?§ g%ﬁ?ft%% %?% %ﬁg%?ﬂth ra&?%% J%ﬁé%%f%'Ag%%ggrgvident
in Fig. clitHersiBokesok hytliasligeprsionl 21 vwittt héiah réetrieon sofenthged
openi ng novenent of valve steml is limted b di scharge ducts 23, which
open i nBor@ir&éHaFye BAgRbers 260F6R 1heP T P IQ%:%ﬁQ.Odifﬁkaulic pi ston 21

embr aces ;URARE R 241 OF s Bl yecst e Sclddbe odormoh @ bellaodparderot o

nove this downward In e opening direction © e valve stemat ol
pressur éstefnap teat7fgban. of Astippgri nctyhindppasi t ediarectdvdn rideer 650 i s
pneumatic piston 18, which is also joined firmy and sealingly to the valve
stem a¥ ich is illustrated on a larger scale in Fig. 5, 1s recdeived
¢ rotatably 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-air 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 via an cil-hydraulic line 22. As
is evident in Fig. 2, the stroke of hydraulic piston 21 in the

direction of the opening movement cf valve stem 1 is limited by

N

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
directicn of the valve stem at oil pressures of up to 170 bar.
Acting in the opposite direction thereto 1s pneumatic piston 18,
which is also joined firmly and sealingly to the valve stem, as

will still be described hereinafter in connection with Figs. 3



will still be described hereinafter in connection with Figs. 3 WO

2005/ 116408 PCT/ EP2004/ 004437 10 and S. 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 nwohosiigiodi recti on as soon as this has reached the poatiross@eass
center (not illustrated) at maxi num open position and the oil pressure in
hydraulic cylinder 6 has been correspondingly reduced. During its

di scharge, the hydraulic oil is forcetbto flow out of discharge |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
conjunction wth Fig. 3, into an outer region 26 of discharge chanber 20 of
hydrauli%ﬁc@ii@&k&“é%l%ﬁki%¥%ﬁ%ﬂﬁkpé PrguBatafnGlaindgpacel 271 bet ween
hydraul i ¢ ¢, 'ggg{ : u j LN r r radi a

bor es f% |n1k§ radﬁ?éﬂby ﬁ%ﬁ%gg%kﬁg%%edtg§%h§u8??9rége%€§i?égégggg% shows
detail d¢ydtaf, RilgicH nakan enlcarged rdizaghiaablkt foirnel udesg hyids avd i€e cyl i nder
6 with support cylinder 13 fastened therein, external gearing 16 of rotary
cyIinde?b@B-b%W%gFQWRﬁﬁﬁﬁfdiﬂ%q1qq%@lpﬁtéPn&UléééFFﬁallﬁpéFethg BAYYS suppor t
cyli “de&alvézxé@éri{'ai AL 1Y éi%a*l%? r&‘i%*écifi‘gkt L _8XLENL I Oy axigl sdirection
than the Tnternal gearing of support cylinder 23°°Fn this way, the two

cyl i ndersaclemii the dnsttand |deehgaged 'wi(hivtoné lasat-heed) dat i ngx i ivem opesh ng

stroke of valve stem 1. Helical gearings 14, _16 are adequately |ubricated
by the %@ﬂ&%&ﬁ?(ﬁ?ﬁltﬁﬁﬂQﬁ} pressure in hydraulic cylinder & has keen

/ correspondingly reduced., During its discharge, the hydraulic oil
) is forced to flecw 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

tec the 0il reservoir.

Fig. 3 shows detail III of Fig. 1 in an enlarged diagram. It

includes hydraulic cylinder 6 with support cylinder 13 fastened

et

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 anocther
during the opening stroke of valve stem 1. Helical gearings 14,
16 are adeguately lubricated by the hydraulic o0il being
discharged; for additicnal lubrication cof 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 20051116408

PCT/ EP2004/ 004437 11 29, which is in comrunication with internal gearing 14
of support cylinder 13 via radial bores 30 therethrough. Lubricating groove
29 is supplied with lubricating oil via an oil port 31. A m ninum
engagerearodsamngivh i s sufficient for the threaded |inkage, aud/Erooosexdser nal
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 savings associated therewith, 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

cyl i nde 15 oyt of the internal .region 25 of discharge chanber 20, after
which 14711 CL{?/iJaS Ath A E e 233 Bt WeBn 1 THhBTERS SFFhERrs? Jowriwir < i a

hol I ow &/1 ofgdnewmatiL Ristan phd and ot hgp RagkoyYRVar. do b hroughy age anpul ar
space 34 between the outer wall of extension 17 and the outer” circunference

of suppd? tizydupdeared 3vitimtloboutcert isgace 1261iof adi sthapget chanmbe rm20irofm
hydraulic cylinder, 6. Fromthi,s quter region 26, the hydraulic oil then
T ove. SRASPU o S S 8 Kse e 7 She0 vBBn L hes Bt e LAt et Sleite o
pneunatde: Syt d nders .5 and 4 he inercikaynberencen 9t bydyasbheox eydidder 6
t hrough outl et g%%%slgg in the cyﬁ?ﬁg??cal wal | of hyd?au##coﬁyliﬁggf 6.
Braci ngod hraot@rye cyld ndercdl® 4 idiedexiolll dangZhobfphetioatat gpision 18 is

aSSUTeO, Y. b, A DS TG L WCLLS, corpesed ol ool alobalLybear ino 35
therewith, there is achieved a larger cross section for the
hydraulic oil being discharged in annular gap 33 between the two
cylinders; this o0il flows via radial bores 32 of rotary cylinder
15 ocut 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 & through cutlet 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 compeosed cof 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 of rotary cylinder 15, as well as by a

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



by a | ower support ring 36, which fits into a correspondlng 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.
Fig. 4 shows ratchet wheel 38, which is covered on top by a conpression
ri-ng 44wouwbesaiedos al so bolted by neans of bolts 45 onto h@locT3®20d/0pasunati c
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 illustratediin 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 zontal section through rotary cylinder 15, in which six ratchet

el ementéraal at® FbuEERRd Nt SISFAISs Ofr bandst K8 OBFPcanfePeAteCiEach of

t hese rat chet ele nts,41 | held in |ocking position wth its detent paw
by a p|QﬁEﬁWaEﬁf (Pqﬁf ratchet spring 42. This | ocking position
prevents rotation of ratchet wheel 38 relative to rotary cylinder 15 in a
direction of rotation accordln%_to arrow P1. On the other hand, rotation of
rat chet Fiheet SBO¥RIERTGAET HstaryP cyticler S1504§aFAsPht RBP SBring acti on

of plung Pg%@sﬁo:?%ﬂ&'@é}'%&% q%O%%Isfoeb%u&%et bgnme%srekamesa@s:ordl ng
to arrow In such a case, the paw ratchet elenments 41 slide out of

t he mayOUVthMMe3$e@ﬁrpmﬁumaﬁmQﬂﬁﬂlhmﬂaa 138 ATherdnhglygedrsechionahedi agr am

accord|§g ﬁgsFl res 4? L%ﬁ%%&é% which bolts 45 are screwed 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. FEach of these ratchet elements 41 is held in
locking position with its detent pawl by a plunger 43 urged by a
ratchet spring 4Z. This locking position prevents rotation of
ratchet wheel 38 relative to rotary cylinder 15 in a directicon 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 retaticn 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 accerding to Fig. 5 1is used to
illustrate the arrangement of rotary cylinder 15 inside heollow 17
of pneumatic piston 18. Support cylinder 13 has been omitted from
this diagram. Illustrated particularly clearly 1s 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 Between this conical expansion 47 of the receiving bore for shank 3 of

val ve si®iiodisaek t he outer circunference of shank 3 there pgyepRdgad«dn a
clanping part that is clearly visible in Fig. 3 and that has the formof a
cone bushing 48, which is axially secured by conpression ring 44. On its
inner side, close to its upper rim agne 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. Wien valve stem1 is noved by feed of hydraulic
oil via oil- hydraulic line 22 fromthe closed position shown in Fig
dovmwarB&tWﬁePhéhdlSr ECTi6R Lo XRARTECHpRAI Ty, Fih WRFTH HYH AN cforpusélta@af 21

exerts 2 ¢0L4a%p00dLAg 1f Qhoe:B URPEL endogd-Ofcyal vsr SAnk Brplhies ;axi al

stroke novement brings about a corresponding axial adjustnent of rotary
cyl i ndercdt®d vhi ¢hchetiaties barthehati tectlon bf arsOW P Fig. 4) axmil | e

oty Q?aﬁe%a%nt %p%%ﬁus openf@%gr %§5%2$€r§§5 éﬁ& VaJy%ﬂE%BH%}Sé%

strai ght "dovwnwar e skea nverse
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upward after the hydrauli | i nder, becone depressuri zed, lifting
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bet weenr{igest Wo ayldoRdeksobri AGS aaRQUL r F 91 &b+ONs®f o f Ok cyldmeen kS in

t he
stem 1.

When valve stem 1 is moved by feed of hydraulic oil wvia oil-
hydraulic line 22 from the closed positiocn shown in Fig. 1
downward in the direction cf 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 cn support
cylinder 13, whereas the valve tappet is moved straight downward,

thus opening the valve seat.

Conversely, when the compressed-alr cushion in cylindrical space
12 moves pneumatic piston 18 upward after the hydraulic cylinder
has beccme depressurized, thus lifting valve stem 1 in the
direction of the closed positicn, the helical gearing between the
two cylinders brings about rotation of rotary cylinder 15 in the
directiocn 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 20051116408 PCT/ EP2004/ 004437 14
direction of arrow P4 (Fig. 4), valve stem 1l then being rotated
corresRpf9igagldhed herewi th via cone bushing 48. This rOtatiQETﬁ%(NMﬁklﬁ stem
1 causes valve disk 11 to grind in against the valve seat on %e ousi ng
side at the instant that it reaches the valve seat, thus naking the seat
faces grind one another in the desired, manner. The val ve seat faces
occupying the two sides and formng the valve seat are polished snmooth in
this process, thus achieving a | eaktight valve seat and al so i nproving the
heat exchange between val ve disk 11 and the valve seat ring on the housing
si de. e dditriect ican aafrowotdt i(engof 41 hevyabt¥estiskl dittémgoeihe Wtiadddng-in
action is indicated by arrow PS5 in Fig. 4, and it corresponds to the

di r ect | GFSHBCENIIoY SterReitcht Ehat COReePushaErdr tf ng o5 afdovt PR By virtue
of the ss inerti.a of the valve .ste he possibility. exists that the

Val ve. SUEMG T TrCantrRES T 85 75t 8 atbord: 1o A rotd P Whi e the'®
freewhegl, ey a@d hotlsibly shiakchet kR apSOLAL NGO B row Bdes emen Fhaugh
rotary cylinder 15 is already stationary. 15 Clains 1. A valve rotating
mechani s f,ortlexhaudti ngalthes seespéecakl| yrionf ome i aecdieseln engs néssingd ch

mechanismis braced in a valve housing for the valve stem (1) between an
upper &HFDET- The valve seat faces ccclpying the two sides and forming

the valve seat are polished smooth in this process, thus

RN

achieving a leaktight valve seat and also improving the heat
exchange between valve disk 11 and the wvalve seat ring on the
housing side. The direction of rotation of the valve disk during
the grinding-in action is indicated by arrow P> in Fig. 4, and it
corresponds to the directicn of rotation of the ratchet wheel
according to arrcw P4. By virtue of the mass inertia of the valve
stem, the possibility exists that the valve stem will continue to
rotate according Lo arrow PS5 while the freewheel device 1s still
ratcheting according to arrow P2, even though rotary cylinder 15

is already stationary.

Ragia



a lower drive elenent, 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 drive elenment via a rotary cylinder (15), which brings about rotation
of the valve stem (1) through engagengnt with a fixed support cylinder
(13), and wherein the upper drive eleent is formed by a hydraulic
cylinder (6) for controlling the opening stroke of the valve and the |ower
drive element is forned by the piston (18) of a pneumatic cylinder (5) for
controlling the closing novenent of the valve, characterized in that the
rotary cylinder (15) is nounted with its inner circunference via an axi al
bearing (35) inside a cylindrical hollow (17) of the piston (18) of the
pneumatic cylinder (5), and in that thecghank (3) of the valve stem (1) is
received by friction fit in a central through bore of a hub (39) of the
piston (18). 2. A valve rotating nechanismaccording to claim 1,

charact eni zeg wl-&@afow@lﬁ@aﬁ%mnmﬁ AR \é%héﬁl%@ (r!%vleé Wﬁggsghguft' onal l'y

in the through bore by neans of, a cl anp anpi ng
part is forngd BIrENe %@%ﬁﬁ#ﬁﬂﬁﬂn%%eﬁvJﬁﬁﬁEﬁcﬁ§néﬁmaﬂﬁyb§é€9@eanb? a
conpr essi on vhnge (Udhsihgl ted £ ttha Aulstedd)(10f beh@ephskaNubd8Y. add 3. A

val ve rOtatlnglowgPagrfGéag éé%ng&ﬁ%fgfﬁl¥tlls linked to the lower
drive element via a freewheel device, which transmits
rotation of the wvalve stem (1) during the closging
movement thereof, and wherein it is braced relative to
the upper drive element via a rotary cylinder (15), which
brings about rotation of the valve stem (1) through
engagement with a fixed support cylinder (13), and
wherein the upper drive element is formed by a hydraulic
cylinder (6) for controlling the opening stroke of the
valve and the lower drive element is formed by the piston
{18) of a pneumatic cylinder (5) for controlling the
closing movement of the valve,
characterized in that
the rotary cylinder (15) is mounted with its inner
circumference via an axial bearing (35) inside a
cylindrical hellow (17) of the piston (18) of the
preumatic 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 (39) of the piston (18).

2. A valve rotating mechanism according to claim 1,
characterized in that
the shank of the valve stem (1) is wedged frictionally in
the through 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).



characterized in that there is fastened onto the hub (39) of the piston (18)
a ratchet wheel (38) of the freewheel device, in whose circunferential
toothing there engages a plurality of ratchet elenents (41) nounted at
intervals around the <circunference in depressions of the rotary cylinder
(15), where they are respectively braged by spring |oading. 4. A valve
rotati ng nechani smaccording to claim1l, <characterized in that the ratchet
wheel (38) is disposed between conpression ring (44) and hub (39). 5. A

val ve rotating nechani smfor exhaust valves, especially of marine diesel
engi nes, which nechanismis braced in a valve housing for the valve stem
(1) between an upper and a |ower drive elenent, wherein it is linked to the
| ower drive elenent via a freewheel device, which transmts rotation of

t he vaIve.stmnviﬂvechwﬂauﬁﬁgumedhmﬂi@@ arovedeny tbeceeim apd wherein it is

braced rel at ) er, r|ve el enent via a rotary cylinder (15),
éP{aelba’ié’c[ hz[e cf% £

which brings a i'on 0 the val ve stem (1) through engagement wth
a fixed supp@h@r%y4$rﬁﬁﬁtqn§@ ondigd thehaidi n3Pheotppee didveneledem is

formed by a hydeaah ihedl! (el @hef GrceoREES! hwgcéhelﬁpﬁﬂbga stroke of
the valve and the | ower drlve element is formed by the piston (18) of a

pneumati ¢ cyFHAAEPEFENEIF CSRHENG A erRe cNERESENT E%Véﬁ%h?yo@fthe val ve,

characteri zeght dhdthadl doentiOt @y ehuntedr at13htesval 8vheednabene the
fr eewheel . : . .
circumference in depressions of the rotary cylinder (15),

where they are respectively braced by spring lcading.

4. A wvalve rotating mechanism according to claim 1,
characterized in that
the ratchet wheel (38) is disposed between compression
ring (44) and hub (39).

5. A valve rotating mechanism for exhaust valves, especially
of marine diesel engines, which mechanism is braced in a
valve housing for the valve stem (1) between an upper and
a lower drive element, wherein it is linked to the lower
drive element via .a freewheel device, which transmits
rotation of the valve stem (1) during the closing
movement thereof, and wherein it is braced relative to
the upper drive element via a rotary cylinder {(15), which
brings about rotation of the valve stem (1) through
engagement with a fixed support cylinder (13), and
wherein the upper drive element ig formed by a hydraulic
cylinder (6) for controlling the opening strcke of the
valve and the lower drive element is formed by the piston
(18) of a pneumatic cylinder (5) for controlling the
closing movement of the valve,
characterized in that
the rotary cylinder {15) is provided above the freewheel
device with a plurality of radial bores (32) disposed at

intervalg around its circumference, and in that annular



device with a plurality of radial bores (32) disposed at intervals around
its circunference, and in that annular 17 gaps for the hydraulic oil being
di scharged therethrough are provided between the two cylinders (13, 15) as
wel | as between support cylinder and hollow (17) of the piston (18). 6. A
val ve rotating mechani smaccording to gbaim5, characterized in that the
support cylinder (13) is provided on its outer circunference with an
annul ar |ubricating groove (29), which is in comrunication with the
internal gearing (14) of the support cylinder (13) via radial bores (30).
7. A valve rotating nechani smfor exhaust valves, especially of marine

di esel engi nes, which nechanismis braced in a valve housing for the valve
stem (1) between an upper and a |lower drive elenent, wherein it is |linked
to the | ower gaghsi feretémehydvinlact oebwbeshg ddivsceyrgdn dheredizmiugh
rotation of the yalyeastemLtileoduthochdecrl asidg, myerml dheraaf, and
wherein it is braced relative to _the uppe rive elenent via a rotary

cyl i nder (15@s WeiteRerhEURESTabelL IRdehat ok plioe (Bl veokttdn Pstclr ough
engagenment witigya fixed support cylinder (13), characterized in that the
rotary cylinder (15) and support cylinder (13) are engaged wi th one anot her
via a helical gearing, wherein the rotary cylinder (15) is linked to the
val ve stem (B valive thoeatriegwheehadésncegcandinder®i el dinve Support

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 for exhaust valves, especially
of marine diesel engines, which mechanism is braced in a
valve housing for the valve stem (1) between an upper and
a lower drive element, wherein it is linked to the lower
drive element via a freewheel device, which transmits
rotation of the wvalve stem (1) during the closing
movement thereof, and wherein it is braced relative to
the upper drive element via a rotary cylinder (15), which
brings about rotation of the valve stem (1) through
engagement with a fixed support cylinder (13),
characterized in that
the rotary cylinder (15) and support cylinder (13) are
engaged with one another via a helical gearing, wherein
the rotary cylinder (15) is linked to the valve stem (1)
via the freewheel device, and wherein the support
cylinder (13) is fastened on the housing side, and that
the support cylinder (13) is provided with an internal
helical gearing (14), 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 and that the rotary cylinder (15) is



cylinder (13) is fastened on the housing side, and that the support
cylinder (13) is provided with an internal helical gearing (14), which in
axial direction corresponds at |least to the Ilength of the opening stroke of
t he val ve plus the m ni num engagenent |ength of the two cylinders and that
the rotary cylinder (15) is 18 provided with an external gearing (16),
which in axial direction corresponds at |east to the m ni mum engagenent

| ength of the two cylinders. 8. A valvesgotating mechani sm according to
claim7, characterized in that the suﬁLort cylinder (13) is fastened by
shrink-fitting of its outer circunference in a corresponding seat of the

hydraul i ¢ cylinder (6).
provided with an external gearing (16), which in axial

direction corresponds at least to the minimum engagement
length of the two cylinders.

8. A valve rotating mechanism according to claim 7,
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}. h



