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VALVE OPERATI NG APPARATUS AND METHOD FOR AN ENG NE
FI ELD OF THE | NVENTI ON The present invention rel ates

wo o00g/oaBans and nmet hod of operating the intakeP@mnali2n4/001668
exhaust val ves of an internal conbustion engine. Mre

val ves, during operation of an engi ne. BACKGROUND OF
THE I NVENTION Controlling the lift and tim ng of
FIEL R {Qf & HER INVENSJQBu s t (poppet) valves in an autonotive

engi.pe, g s ar t Lahi i :
T IhBEpiskeft ARRETRALIARE 6,0 SholRr ol RIELTR RIRRating the
intaley ahdfts exbhiangt salvasnof andnierealt dembustinroéngine. iMarakgarticularly

exhab{st po%r%et val ves, V\:h{.| e athrottl eoti/gs use(a?ﬁtjo .
the dgyentign {TRENSS 1o |3 FUMERIR LTANIFHBPYT REIVEED) thfyetrerating
appMeiiGs RREMH Yalvek, RAT PRe s IVPresSuAiss fRlick 38 MAR valves

all ows the poppet valve lift to be adjusted. However,
durirg theratmppof@acengiseul ts in efficiency | osses. Many

' \ ed to address the efficiency
BAC?@?E*Q)@@E Qﬁﬁﬁgﬁﬁgmpg\? mechani cal sol uti ons have
beepnpoNipghe lifttarkhtirhingt dfenke sdpdr dxraiust(FdiRet) wilves in an
the lift of the poppet valves to inprove efficie

. of : ncy. .
autompeifve RAYIEEaSsd NRSERSAY RWECE ©f ARafANE AN PRAIPEs diraditionally,

T T e

- of theointdkecait exhaast pappetinadivess; aviiliel & throttieawa$ asedrie.control the air

El ectro-magneti c sol uti ons using solenoid to drive
flowsvppfigg senainidual cﬂmr%q'\éerepae&enﬁv0§$@@ope%§@9wn tg have a
: [ v , alieaV.
cam BRI 1RHPOLERI I fo b et Flovdlel: oftidt dpproach
resufis o efficiency Iblgsksaul i ¢ sol uti ons without a canshaft

el SRR e AV Sorb oMLY, i R e
probiérhh ForhysHiApie Cmé&iéﬂﬁéa‘?%&‘tﬁ%ﬁ@ﬁ%q% hedBrfipkdpdadd td @hift the

[
manuf act ure and t hus uneconom c. previ ously

phasgs optheecamsliathor ithaalift f the peppgiomives twampseve effigiendyy There
navd 3 85 R B30 RLoBHE AL b sBHEPlonase o
the ¢rhBBaf® o R aé valves. These systems tend to be very complicated and
are not economic to manufacture.

Electro-magnetic solutions using a solenoid to drive the poppet valves
have also been proposed, however a solenoid of sufficient size is relatively big,
heavy and expensive, and thus not suitable for mass production.

Hydraulic solutions without a camshaft have been proposed, however the
complexity of previous attempts to replace a valve train cam and throttle with a
hydraulic solution has made them difficult to manufacture and thus uneconomic.
The previously proposed hydraulically driven poppet valves generally include both
a high and a low pressure fluid supply, requiring major modifications to an
existing engine using a camshatft.

Hence, the retro-fitting of such devices is expensive because prior art
proposals require the hydraulic system to be mounted in-line with the longitudinal
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Hence, the retro-fitting of such devices is expensive
because prior art proposals require the hydraulic

W@ ymsem3eo be mounted in-line with the | ongiturkTaU2004801668
of the poppet valve and as result, the existing
cylinder head requires extensive nodification. Such

s, e B350 SRS B £ RELACT el B i

exteREiver nfifidations Saﬁld solutiehy are @eﬁﬂlerillg&:e:oasmred to only be
i fference at each end of the actuating piston,

SUI’[E&&Q {ertineqyperinginie PURPRERDYIIt NGNS by t he result | ng
co§§ﬁ’an{m& @‘Ou{léﬁg té‘r‘i(?gongég ﬁ %%ﬁacgyaréém?ﬂfé(ﬂe%efét \Wah end

I rst prston an
of trl actuaie Lst@r%pabwamggahd vaihad imi cge fdingiction dDytﬂme resulbing force
end, the tlujd press%re at theh@rst end

of asyHifacer awg Qs ehrea BYcSHRRIYNG ﬂuf‘squﬁ@'%tb( ﬁ%@ﬁ'd of the
pistdl'&h§ élﬁarﬁé’t]etﬁf %'i&)g C}ﬁ? @taﬁd"'ﬁra‘-iﬁiﬁ@”ﬂ’!.uﬁnl@ thengdeédivd fe'nbl' ¢he fluid

pressure nu a |arger surface area at the
pressamoatithentitst eanil lhavmg mgH@raslmfacfe)am taauses (ihe pisten to move

wh fluid
wheReerRrie i preseited 2ok SRRt Gatoahd Taf FR Pre s mupried by
a la HUrfaRBBARa AP ahd 's‘éb@ﬁéi aer@lsrééﬂmsflﬁfeﬁ@;r@@t@lrlfédzdow teh&rn the

essure at the larger end nust overcone the consta
plstcnrorwharapﬁbmd del syppliag ge etheusecand t ¢rd.s nAcreardirgiy, tfe solution

e e
pres%ﬂ[r}é %&‘ thEOlar ﬁmdem@w&m&%@ndnmfﬁﬁﬁ%ﬂmed by the

di scl ose lic actuation of the et val
preS§u@|ay|tlm@ quliaj erd.aslouing deway they g@%@ngt c%ysmg dlffICU|ty in

h
opefb R the hEf s asls AR Br %ﬁﬁf’%@or M coeur e
Xf Poe ﬁxalﬁ%dﬁ]gBtEg 982_60{1171\1!1 eidatj f \‘/\E(_D@(BITJ(ESELOA;U rcga«dezcar ledraulic
of. each end o e pi ston . t .
actuggien afrihe peRRet yﬁb)oeogv&;ﬂﬂ%ﬁna?f %@3@25&?8@0@3@@ piston at a
nom%a(llfy' %Uh&%m't onméngﬂ'ﬁ nﬂ'}éﬂbrﬂﬁ’ﬁgﬁ aiHdGiseRCdFhich may be

ntern ustion engine. Cther prior
apps:odmaiednas rlﬁbry:eon P ogsstuae ti )Area,p[ﬂ }depgndemﬂi Qna’theadlfference in

stk SheR SEHLE (68051 e by O Sl fon i

prinﬁP%t 8N opBYatRint §dtakehilysiaes! diffailgnid PERihid dhé egh operating
gher pressure end of "the piston, the piston is

speedaiaspined byean pmt@cmle:onmwémrenglnes again results in

ng._down .t y

o pEhOR B0 R Sl BB P aftd FEK B aliher prossure
to oRBgHisN Ehkﬂtﬂrﬁ?ﬂ sﬁfﬁplfihgrfﬂﬂd FH’[Qith&jh'erq:messuneﬁtd tiee atrmereend to

systens and in the ectrohydraul 1 ¢
drive the piston. By alternately supplylng and draining the higher pressure end of
the piston, the piston is caused to reciprocate. However, this again results in
slowing down the system and causing difficulty in operating at the high speeds
required for a combustion engine.

Further efficiency problems exist in the above systems and in the electro-
hydraulic valve operating apparatus systems disclosed in DE19826047A1,
W09207172 and US6321703. Problems experienced by such electro-hydraulic
valve operating apparatus include the difficulty of sealing fast moving parts, in

particular the poppet valves themselves. Where a valve stem passes through the
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val ve operating apparatus systens disclosed in
DE19826047A1, WX0207172 and US6321703. Probl ens

weszpsossaced by such el ectro-hydraulic val ve OPET/aU200¢/001668
apparatus include the diffigulty of sealing fast
noving parts, in particular the poppet val ves

wall t&egsghé{@ telsaré( iV §5 CEOMART SRiid rﬁrﬁiﬁh FJE%W%' a seal

equi red to contaln i d under
extepdiggroand the Gﬂémeshendsstgll)armmtbd toeprevent asignificant leakage

TS WAL S P Y, Al s
“higtﬁéfé%rsg'ké‘@e)éi ﬁcﬁﬁg RS @ tHeEStefh td‘{)@h/eﬁf REssWElLI® e course,

Ing arou stemto prevent loss of fluid. O
a highopressyreaséd lgtaysessa aigaificeat frtﬁzilas\atchg tl@@t. mugtdpg overcome in

ordes By RSN IIS SEE Tenies reugnd G Bl pRftpd o the vaive
oper@hﬁ? %beﬁ?atb@ ifh RrdeloVEHaRy el Higtor) MRiinUisir I’eqln:wa stronger
opefate the piston. This in turn requires a stron

sealde prevantpreseunisqst s frars dealingioyt pf Biaheaaia ROB0H 1# poppet
valve oﬁg@ngr rﬁ? gﬁg%élhf%rﬁé) S;ﬁggeﬂtgldv ByS Thh Tﬁ‘r%sggﬂec b8 @nd the

pressur

greatsreAdiar piidsuii tb pPegsised ¢o rapgateethd Valvperwuﬁstlhdesalprecmlon of
results in | ess precision of contr of t

contegl @fhawep@@@gtorvafv@@spopp%fsya%(sﬁ)r t?sst @baﬂxs\ﬁpdefowé)e variable
conthf]rér?cpthén‘éthlb(/\%lrhé\F&[q ‘T . dé%‘fﬁéleﬁc‘!)?rﬁé line N Qﬁd timing of the

ficlency, timng of the poppet
poppetl velest hhearamatistsobf adir beingg férédlntcmtthet rengimei ard  hence

and hence ther nody c effici enc t
therGRRHBEMSS HEENG) [N PRUNRECHE B GsrainBroninihg desired
preo&%r‘i’r art does not provide a si n’pl e reliable and in
particular, efficient, variable engine valve control

sy$he mrioPrael does Inpt proyide edsisile: reliableanad dopprisular gfficient,

g SR T R e BB SR AL pompi
and flﬁéﬁlble?l'ﬂ t6 %@@t@yTHé dReBicRyBIHSE of il prssaunds wedrking against
stens resul | ess precision of control and

eachholthiercamd ‘H@ mt.er@@IHngUom@ayp@qalé}y ighapressyre §9@I§Oaround valve

U t { e t i nabi Li i
storfl 440 1 B Bl JOP o cbhoP AR FE Sy A1 oliton
highhsfs&eai |Ull¢mbiﬁily ethactihdBilitynio cparatethesergine Hie thsg e eff:ment way
required. The prior art is_ also not eneral Iétsw 316 Speeds

inhilyitsy thee@blbtm tot Qm@aﬁ% adhydyauli valgi 3y 2ihea2ppa
reqLﬁ%'thaﬁ an i e%:?%roa%teye%?éiﬁl ShitstI8Rbt %frdﬂttlng to existing

|ab| I'Cl ency are rnportant attributées
enghesthampoludetacafnstnﬂpl ex machi nes such as engines, it

:Ofé\%, f@@l rmq,fégpﬁjsil%a c?f;qlﬁwgc& e%ﬁgf)g Mn\ég ef?mency are important
attributes for components of complex machines such as engines, it is a primary
object of the present invention to provide a means and method of operating
valves that embodies one or more of these characteristics moreso than devices
proposed in the prior art.

Any discussion of documents, devices, acts or knowledge in this
specification is included to explain the context of the invention. It should not be
taken as an admission that any of the material formed part of the prior art base or
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val ves that enbodi es one or nore of these
characteristics noreso than devices proposed in the
w@eiosnsaes . Any di scussion of docunents, devi CBGI/AHRI03/001668
or know edge in this specifijcation is included to
exEIain the context of the invention. t should not be
t aken as a n. f f
the qsRpFOg e R PYTEd iny B, GRYar ark O HsBbichhe TRy date o
the diaievd Re@n.i n the rel evant art on or before the

riority date of the clains herein. SUMVARY OF THE
Qé\lTlAEleNﬁNHQ;NCt of the present invention

pr f0y j
T T
for ahenigphalasdimingstiphssngine: éisclddimg: whol |y wit hin t he
housi ng, the reciprocating piston driving one or nore
po%ﬁ'@lu @ ves; a first fluid supply path and a first

1y Ecﬁi?@édgmgaﬁlé\o Q@Qiﬂlﬁgt\ﬁhcﬂﬁiﬁ WEhiRORE" RbLsiRg ethereciprocating

_~ supply~or wdtofromaflrst reC|procat|ng
pistqyi driving @neé;oransrequompeftl wdlees uppl y path and a second

supofist gRid St paRG w8t @ Sk ST et Sabf, patn peing
cont%lra*bwtcﬁﬁ?ppy/aea@umf@m tb/frefd Qmesxartecmowmmstdrmme

driven ween a first pOSItIOI’] and a seco
poe|aacond Hlpict swpply Ipath arch A EaonddIuig cgaindp%tbpsayhm being

con 4 B, RN PR Ao 2584 0Bl ioRRF
ap@hersin daid Estigrobatiisd dston, ronsecit drivieth betwqemoa ditstrypsition
piston to said one or nore ISE?et val ves,

and rae@egoml;axqsﬁ@npbxstc@ntrmhr&sa ldidh B\, saick ﬁuaﬁy.%ﬂ%ﬂﬁ%r‘ paths,
ther@@esotp% fflﬁrgqe sARFBhB% %P’Pé“g)oﬁp%ﬁ]%{ah;é% ALY §iHerein a cr:]onnector

egress of e housing throug
passs thrapgt anr apertura npwalddwmm/tqaceﬁaectesbldn‘eonhmmtmg piston
said aperture is substantl

to SHGANDAT BIOTe RIPRST VRNER Sar HbiDpaias BIoiBh BEceRggon with
an Iﬂtﬂhr ougﬁélpofﬂgé\h%ﬂgmg%?ﬁﬁnga ddafit Fé\ﬁ-:'ﬁttshﬁsi%hiﬁél 8§ress of fluid

sai d apert ydrau i c valve operating
fronal;blpdtcmsmg ’t’msqwghealdamwebetv\een t he novi ng poppet

V215 St D2 ot SHPE e S BBty
seal@@ltﬁi B0lcaddy W@Nﬁé’ extdifaPs@$aiY ofbhidN@ei@otating piston to

avoi‘ds such seal . Instead, the reciprocating piston
previeng egfemfg‘lugﬁ;frgm the housing through said aperture.

Prior hydraulic valve operating apparatus requires a seal between the
moving poppet valve stem and the hydraulic fluid supply at the point where the
poppet valve stem passes through the housing. Advantageously, the present
arrangement avoids such a seal. Instead, the reciprocating piston itself acts as a
seal to prevent pressurised fluid from reaching the aperture from within the
housing.

Internal friction in the hydraulic valve operating apparatus is lowered, as
friction between the reciprocating piston and housing, already present, is not
significantly increased when the reciprocating piston is used to prevent leakage of

fluid through an aperture in an external wall of the housing.
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seal to prevent pressurised fluid fromreaching the
aperture fromw thin the housing. Internal friction in
wo b@shyaequl i ¢ val ve operating apparatus i s | ORMET/at2008801668

friction between the reciprgcating piston and housing,
aLready present, is not significantly increased when
¢ " L , _
1 T BB AGEL0IR, S Ruthf T b, R, the Gy gPorating

appédrats oigthe peidiehi imverdionecherates trioze reffidienthafwidaless friction as

comE%&ﬂq%ﬁEWrbES%véﬁeéﬁgn%%EBa i00; BRIRS B opbl&itY §568ks may
be r%?%tﬁéd 89 PstfBIAhRAnKddscll dffEichi§ (of Bperdeeor irtiedore, the

gher engi ne operating speeds nay be reached as a
lowareternalofrictioe meanedbet the hydraifieysystempaaat pparate at a lower

. ,Furt her nor he | awer i r friction nmeans that
f'wdtmsswaﬁa?f%{ %‘%jé‘?ﬁﬂ? %}H%E’SB@%%"%’% | ower fl uid
Pr psg PertidRany besferaet smbodiment bhthepimppational eesnestorrod is
" cEartl cularly preferred enbodi nent of the invention
ixe

tminscresipropatingspistee @ndcanecieia pRe CatMA BPEI?%tnvanﬁﬁ- The
con egﬁgﬁ;g)igsrgg?.b%niﬁté’ rﬁﬂg rf?rn'?é’(ﬁ’ A, tlﬁ%l Qﬁﬁ@nbgp %oﬁﬁf‘@@%irggl pcjassing

integr orned wi I ston, or
throbigh @ holé ipaiei pigtdrirang iheacbataused tohmayesioogitudinally with the

. hence caused to I i tudi nal | ith th [
pistalhs dna Fsion der prRaieas, | FhEoBBRFIEL PEFICHHYY bRy throtgh two

apeﬂﬁ%ﬁeﬁ. " @?@r@%"‘gn@p&{ t4ERSsiHa dihdeN9YRidn &aer @ edtrive two

each side Iston, 1n order to drive two popp
poppet vatges, iuwesnar an renebddidierd iwheveeihe cornanionpassess through a

. passes through a single aperture is envisaged. n a
S'ngfﬁ%‘?%ﬁwr@dséﬁg'&agﬁént of the present invention, said

i[5k réﬁrl%rooérﬂbbﬂgn@htséﬂhee@@séﬁﬂin%éhﬂoﬁ,fwﬂCfirst reciprocating

_ reciprocating piston end have substantially the same
pisteuehd endasaid seaond reaipregatirigepistast pnd bavemysiantigiy the same

surtpie AP JpHamBITe Ch e e P Pl P 3830 0 atismating
supplf@ner aftge SMRITHIIENMNE PidtBR ehds. Thiy ereserred dnfbedimene of the
aS the driving force in both gperating directions and

pregenéfieveriion faliesdont atpressaite dHtarPRG? g5 e siiying, force in both
opoEESEL3b LB GE 1 Sho e FOERIAEFE R o supplo

in ture & pacs @hd g the eéciprovayingistoagai nst each ot her when
it is desirable to control th

Aol DSt S Qi SFa PRSP B may work
aonfBLEREH SheP AT, & eRomBobobte e huprang pon, o
exafripée, db ltercelerate, in general the force (pressure) applied at one end of the
reciprocating piston does not have to overcome an opposing force at the other
end, that in prior systems is caused by the constant supply of fluid to one end of
the piston. In prior systems, work and thus a higher pressure are required to
overcome the force exerted by this fluid when the piston is to be driven against
the constant pressure. Nonetheless, in a less preferred embodiment of the
invention there is a difference in pressure between fluid delivered to the first
reciprocating piston end and fluid delivered to the second reciprocating piston

end.
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end, that in prior systens is caused by the constant
supply of fluid to one end of the piston. n prior
waywsems24 wor k and thus a hi gher pressure are PEAU2®E/001668
to overcone the force exertgd by this fluid when the
Késton is to be driven against the constant pressure.
e S g B e o Sehant suPply
of flditl aing sLipplizd tb boet lseipfOcating eistpn @ng, ithg pistonoendsmbeing of

ctoffd bR ehsoL ARSI SRP Ry A JB A nBL R onc
will SRR MeCHBRIATY redipiebite0f AdAiRI %i@@rﬂ@odﬁh@itii§¢e§QPmTérred as

reci pr_pcatl_n?tﬁgl ston end, tThe piston ends being o
overdll effimiénay willtfedlowesiedas so that alternating supply of

fluid to th h i : | _
relf et Babtier Rydfeired] BBt i iRReht yfbrfloR sefts fuid
supply apideandin peitid ererpenad | Andeldgatetedontrol te Howt biesaid fluid,

_preferred enbodi nent of the present jnvention, said
saidfapgningsappiPginarf aack saigAtuid Sapﬁlyﬁ%@@'ﬁﬁaﬂﬁ aelugved by one
cont A ' [ j ' :
or By 6l 0eloiE (oA 8 iy PasEiT s S conil vlve
typedC NMihewedidsy reaetiny contrel swdlesmiahhaamiceetheoresporsiveness of an
a conbi nation of said control valve types.

val ves, or,
appa{fﬁ@-‘ssea‘f%@'ngéﬁéiﬂ?ﬁ’ée%‘ﬁiri'\ﬁq’m{%'ves enhance t he
eﬁ'PQ”?éﬁt’l@lﬁ‘l%ﬂ PYeféfe PRRIBSdiHTeri GO Peededt lifention, each of

r
present invention. n a particularly preferred
saidefiisbdiuice stipply paib, dirsisBuid idnaisnpatbn sesaod ftidssupply path and

first, fluid I th, first fluid drai .
secdtl S B 08, Bk ol i 8 By g convo
valv@§sre§ul‘éﬁﬁ%rtﬁb W\t flpdesataienfiet driteséesvid $8tirocating piston

contfol valves regulating the flow of fluid to said

ends,i thats enablings enairpkof fhe canavieentsebthe fgsipregaling piston and

enabl ing contraol of of the reciprocatin
henc Qpg; t'gﬂdﬁﬁ@%gg ogﬂgﬁsgfﬁcgﬁa%f & on or nore poppet )
vapyésratiy, edashadl the foaeBaid cohiof valves d$ thdeperdently operable.
val ves is independently operable. Preferably, each of
Preferably,aachsafithie Gomt sail coatiobyalvas aey Bpcnespblel§ Tapea glosed,
rid open or open state. The four control
part@i{?\ss)@gﬁ Og%g%b?rté%ach of the supply and drai n paths,

al raw feor exttesisiahes; amerfor edch bethesepelytaraf dtdie paths, allow
i ston and henc

o SR SR Pl P S0 e PR kg AL g hence the
pon S S HATRB e NG pchualpes o flson and opoo
valves at high speeds and to accelerate and decelerate the reciprocating piston to
prevent valve crash or meet other valve timing objectives.

Another preferred embodiment of the invention has a reservoir of high
pressure fluid in fluid connection with one or more of said fluid supply paths. Use
of a reservoir may be of assistance at engine start up, in order that the engine
may be started without difficulty as there is no time delay to build up pressure, as
may occur when a pump alone is used. Furthermore, any momentary interruption
of supply from the pressure supply device may be compensated for by the high

pressure reservoir.
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prevent val ve crash or neet other valve timng
obj ectives. Another preferred enbodi nent of the

WO poosnsizen has a reservoir of high pressure flRCHAUZN04/001668
fluid connection with one ot nore of said fluid supply
pat hs. Use of a reservoir may be of assistance at

A AT T
an mlmmw\agmesmem &isonmﬁerwﬂ:m asham eleqinnic gpoirel device.

oA o B A, G U e
temFISRFES 34 Coﬁréésuﬁést B Rughdiy esfdiliflet air mass flow and valve

reservoir.Controlling said fluid in said supply an
positions mn@yaﬂias provjdesk tadhe eongdine maélﬁlgéﬁgﬁn’(esﬁéﬂl&géﬁ’é’ﬁ@”er The

e SBhohe8 b bl o RATE PR, R ariabe i

contf§If g8l oh8 1ot weore apiplet valveisd and air tenperatures and
pressures, air humdity and inlet air mass flow a

and
valne prefermennabesians IDEoRCIRIEca NG Risteh giaykbe decelerated by

con URGEFELYy 7S5 SAEM oy IREFS BopPEagRmET i o

orm\o&lélp@bbét WalvesWQnt@Ghbirméspécﬁ\kwee:a‘te or nore poppet
val ves. preferred enbodi e recipr

o+ Iy BRoWRY RIBleecLPEPRORAoY RBraCITOPAY T Iglon i Hased to a
preo%‘i’é%ﬁ@%délt%'ﬁdwﬂéﬁ' iR &P H&pér@tl?ﬁ Qi sheC iRERIDYIniakingRbach said

et valves onto their respective séats.
poppetavaivd & amreﬁehermmeeinmmslmlnantThet basrl“@:nmamanamgie prevented

iston is biased pr.edetermn posi ti o
fronf Sl st 349 JeLiRiceeun THISIEL Fraragis GoeRFaloPRgspdg in an
opeﬁéﬁlvé%tét@ a predeterm ned position. The biasing neans
be prevented fromacting on the reciprocating
pi Ebpexample fesingoigaNe eUGMas pisstring mayibe arpvided. To ensure

o 35 R s Wi B U e SIS RS v

by sh&ﬂraaéprirfg swégﬁmg gollidtopresnalyask snibbedrin qm@camya ﬁ:ompeessed
exerted such a spring, the spring could option

state avhilei p@e@nglne % it eperation iy deing Ussaibeeghvhen ttﬁ% éngine is

mopgﬂ%}v%e |#1 IJidEI‘ %’erfl?et, LR, re%mr}ﬁ @%%Eﬁ”éﬁ@jfbdﬂé@%&%) to a

opera rve, In or

knoWwAGdgftiepat i ng pi ston and poppet val ve(s) to a known
position. Further, the reci

PP uIthByhROProCaT G PSR Mifth 6 S SHRIA B a0 fdih, PEayicing a
surf%{g% PB?@'(%}{”&L g@m@ﬁyfo%é maly A68&tiedst AheBAd F st feciprocating

piston.

In an above described embodiment, the connection between the
reciprocating piston and the one or more poppet valves is effected by a connector
rod fixed to the reciprocating piston. Preferably, the or each connection to the one
or more poppet valves allows the one or more poppet valves to spin about their
respective longitudinal axes.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will now be described, without

limiting the overall scope of the invention, with reference to the accompanying

drawings in which:
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pi ston. n an above descri bed enbodi nent, the
connection between the reciprocating piston and the
WO e@s052300r e poppet valves is effected by a comtiBEaU004/001668
rod fixed to the reciprocatgng piston. Preferably, the
or each connection to the one or nore poppet valves

#@1 Wre UNEhOPE a8 H@Pﬁéld’gf’%b MAb¥8Pndet Shhe ght invention;
t herr respect [ ve ongl tudi nal axes. BRI EF DESCRI PTI ON

and OF THE DRAW NGS Preferred enbodi nents of the i nvention

w %i{ggr%f qbggg\?vﬁ%lrﬁbq e\{% tl?nﬁ a eslfe!gggh nrg\tbéﬁﬁ’ﬂ%{te Bf"lthe present

mveﬁ wyl ng drawi ngs in which:Figure 1 shows a
eémat i ¢ of one enbodi nent of the present inventjon;
anBlgHr@@r shaws sheresssaaivashview of & psferrd embedime of the
the prese |nvent| on; and Figure 2 shows a
presgpbgngeg@%rgl view of a preferred enbodi nent of the

Pr ERERd Bn\sﬁamoa, crosk-Beotioeal3 vidwweotated 90 degrees of the
Cross-sectional view rot ated 90 degrees of the
embegiraentrasitigee Fiand e and Figure 4 shows an

STEAM A Undls &n & mb%@%enve 4SpldtRsl Falg: 8nd Shovs et

pr e enbodi ment presént i nvention;
anHigtirg 8rshdvssyetvenather pesesed tenobedimendwf te Aresené invention;
enbodi nent of the present invention. Figure 7 shows a
andcross-sectional view rotated 90 degrees of the

E@@?%mfwf '&%;&s%e&m| VieOdF GndteFERmdiment of the

( _ n a preferred enbodi nent of the invention,
presenVE!veetlomeratl ng appar at us 31 (also referred to

hepein as a,valve train devic ) for
nyhitide £2 3pblemn ATous-saeotat ki Tl o0 flgorees of the
embtm%@,gxﬂéfqzlguggm are shown schematically in Figures 1
le a nore detailed re resentat|on of a

DESﬂBH’élHOéUOEnBBEFEBREBfEMIB@DHWE lon is shown in
i ﬁwué%referred embodiment of the invention, a valve operating apparatus 31

(also referred to herein as a valve train device) forms part of a hydraulic system.
Alternative embodiments of the hydraulic system are shown schematically in
Figures 1 and 1a, while a more detailed representation of a preferred
embodiment of the invention is shown in Figure 5.

Referring to Figures 1, 1a and 5, a pressure supply device 20, for example
a pump driven by the engine, delivers pressurised fluid from a sump 21 at low
pressure to a high pressure reservoir 22. When the high pressure reservoir 22 is
full, a pressure relief valve 23 (also referred to herein as a pressure control valve)
located between the pressure supply device 20 and the high pressure reservoir
22 drains any excess fluid back to the sump 21. It should, however, be noted that
a high pressure reservoir 22, while preferred, is not essential to the present
invention. Furthermore, the high pressure distributor 29 schematically shown in
Figure 1 may be provided as a part of the flow control valve 30 of Figure 2, or as
a part of the valve operating apparatus 31 or valve train device itself. It should
also be noted that a single hydraulic system could operate a number of valve

operating apparatus 31 or valve train devices.
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Referring to Figures 1, la and 5, a pressure supply

device 20, for exanple a punp driven by the engine,
waeledoswsasss pressurised fluid froma sunp 21 at POWMAU2004/001668

pressure to a high pressurgreservoir 22. Wien the

hlgh pressure reservoir 22 is full, a pressure relief

"R a AL FRMGIE Y51 SRl 8 Fates an 7, which
shO\gﬁjre@re%Deﬂ'ﬂbdﬁrgenisl ofha pradyees operatisg apparatd@ 3t donan internal
y.excess fl ui

Kk h
Comhémﬁn%@'nét%‘ﬁ‘ %‘itrﬁe}ﬂﬂ ahognge%r@#'gnr8@3‘?%0@@%@”3 is as
folloWg' F cﬁ’ra% ?% Eu@ﬁ%@ eltRet 2 lﬁigﬁ%ﬁéksure reservoir

nve I on. pressure distributor
22 o?9rasm hleenmresmjre ﬁuspkyvdewoe EO,gwae aTfirabfluidesyppty padu3atp a first

Cra BBy BurbEb b S g gEfUERy oAt anc
hou§|h§'2“ ,Qeﬁ’réf:ﬁuidt aelih path sheshrik &ting safi lﬁﬁét%hetrhaér 41 to a low

gl e hydraulic systemcould operate a nunber
pres&are/eesmmlator sympRhisclesed ansi tb@lW@swauthereby bUllt up in the

e SR Al @SR 3Pty appen rom

a f|r§!TF©§“h6ﬁrtbSa @kcond Posiiopp At ahengameprimnay tise 3bcbnd fand supply
ernal conbustion engine, a sinplified

pathohis clpsesh apf thﬁ@ea@wweﬂ@ammﬁﬁ i3 PBSR. AEWING ey fluid in the
sec%{éﬁ%@?g@? éml%# %ghf trhgnégbbﬂﬁrdrhf??pgﬂg% e ﬁ?eggg%p 21.

romt ressure supp evice 20
Moti@nfofitisé rédlpno@aﬂu@pisyorpatdssﬁts tlmsajralmrsg chanber formed

bet ween a first end of t t 1 and
o TBegoRrogatia: BN i tog ain e Hof RimSenerapostith to the

first fdo%ﬁ nclgg guléﬁ g?ode%’ W\ﬁﬁ%Hrﬁufoeétebﬁé@sUr@is §Uﬁplle’dlfrom the

pressure thereby b
hlghf pmsu@ee&eevom Qas@sfrmmdheewessuc@ﬁllmIypd@(l@fﬁ ZD t\tba lgesecond

o S e R SRR DB o0 1 o
the Fé%ﬁéd'foéaﬂn“?g &As‘t’&?q’ AChdU¥eng 2 CANRrst fluicd irbatip8tdbrindcting said

ny fluidn the second chanber 10 to
secaj’rchclnambebm@ HOttlm@ sympdtidisdesed gchthe presswe t@ipoy puilt up in

1o S0 Sar: J6SLRE b otk lnd AR 1 e pagrauicany

drivén waanﬁ hige seE6Rd p@@mbhl terthedirsh g)cfsf[i’cﬂ‘t. Poshe isamdytinee, the first
simlar Process in which fluid at pressure is

fluidssymly eatit Bdenclasedranghther Wstiuid dgainmRalh © BoReN.13ligying fluid
frorrin-ge ﬁ(s?%ﬁ?ﬁl%ﬁlﬁgpﬂoydrgﬁvih%u%gtn%'fﬁs llﬁ@“tﬁﬁ@ {)éﬂ‘i § to the sump

to a second orrre ween a
21, Agamnchcﬂmh offthé heciprcafing patomgl pssistsrthis drathingusi ng

2 sl (e e B8l RS SRS Sl ) D360 i per
5 mh) PRMnRIHIGH a $hdi& port in the housing 2. In the same way, the second
fluid supply 4 and drain 6 paths may also pass through a single port.

Movement of the reciprocating piston 1 drives one or more poppet valves 7
via a connector rod 9. One or more poppet valves 7 are connected to the
connector }od 9, the connection 8 being outside the housing 2.

As shown in Figures 2, 3, 5, 6 and 7 the connector rod 9 passes through
an aperture 14 in the housing 2, the reciprocating piston 1 in co-operation with an
internal wall of the housing 2 forming a seal to prevent substantial egress of fluid
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t he second chanber 10 causes the reciprocating piston
1 to be hydraulically driven fromthe second position
WO eoosls23p4 r st position. At the sane tine, the PCT/AU2004/001668
fluid supply path 3 is cloggd and the first fluid
drain path 5 is open, allowng fluid fromthe first

fromcﬁ%nHSﬂSIEgrpﬁ gﬁ}‘oﬂg\ﬁ %8“51519 Ittttl]t% B %fonfné WrAalfaahdurRadhfigid may

fon of the reciprocating
egreps:minder ﬂ]omallqiasaiﬁdn s draini ng Opti onal | y (not

o TR arefbresd &5 bodiont bR yBaHn SHRM, th Feal pYovlded by

said r?@Hl}%‘r&%tl%g stbhel Woﬁ@b@tldmﬁltﬁwmtéfnal dveﬂlu@mﬂhé Hlousmg 2

drain pat hs may al so pass through a S|ng port
is Iohhtedmdjacemt shid apeiweothtsunh haltibe apetirged o'ﬁeSld?Stan’“a”y

cenf815 BSEES:oYRLER (R SRNSGHM £ oy ReChperre .

Howk9€r, 9n dhembetmesit @cﬁ HRIVIG, RS Plot ;echesiyuisr nige Zecuﬁsocatlng
shown in Figures 2, 3, 5, 6 and 7 the connector ro

pistqumd S1952bur HagnousINA At GRerurS 1.1 bd SGIRY 1gr She rRgiTocating

o B FRERYE o bl s GRRATLIABAANLE o i crambors

10 a?ﬁ%ﬂﬁmfrﬁb&hmgtthalam?g% SSI 40Hehbe= fifreomrcbdmlnlgqmsiqmm may not
rou e apertur

havergy g@geré@x conatant iamal eroﬁg 3havh.n ﬁﬁ?"?f*égiwe%fp é?"rte’a‘ay instead

hav%@@&%t?'ﬁorﬁ’én Bﬁ“%rﬁeﬂl\é‘?%ﬁé%téh@lmh Fcf?ﬁ]ssﬁa\}mcﬂ’réﬁﬁuﬂi?éj with the

reci procati ng plston In CO- operatlon W th
housagdz |Adtanamlly,\mla lasis prleéehedsemgodlrm@tl Humtregiprocating piston

s S S0 PSS 1 B0 DS LR, i
Iosstdfnﬁ)ré’%ﬁé Reuged B\z%{ﬁﬁg ﬁﬁééaméfﬂﬁt? ch4mpdevever, in an

di ment not s IS not necessary for the
r ecTpe avaralhipternst fm:tlmnt@f tisuvalveeoprraling gppasetus is reduced,

pertyre 14. but I r [
o FB°HA1ER, Ryl it BrBaud b 0L el 0l ovet
regafréll%ht Be tﬁéam@afén agd o capereaehingg ir hmeam@msuTge 24. In prior
Hence, a reciprocating piston 1 may not have a

arrapgemests, the dﬁ@pmatl@lgalh'ét@? délé/e§h1‘61\ﬁinI?IPch¥éa'F¢dW gassing the

pop YT 4 ERAEPAE ARG 8L P HR08 R Rhedgl S, shamber.
Accérdirily e4 hijreptessure %él&mwefoérseaﬂngrm@dhydmuh,c syseem at this
poins o b e e et B AR SEB Bl pioh spocd
opefi 8RSt erf et tup % thEDlalh BPR RN oL FatoRaRTReIal friction
suclapp@eraimwem trmzlhoming ascd peppet alve stératwilaealee In contrast,
the ?)?ecslép r‘t?ﬁ\?etnl’t%% gllrﬁltngpes thaen%eggutso'r n&c% \él\" sl,elal greattly reducing the
internal friction of the system and enabling the reciprocating piston 1 to be more
easily reciprocated at high speed as necessary, enhancing overall engine
efficiency.

By using the reciprocating piston 1 in co-operation with an internal wall of
the housing 2 to form a seal to prevent substantial egress of fluid from the
housing 2 through the aperture 14, there is minimal increase in the friction already
present and hence a significant overall improvement compared to prior

arrangements which include a seal around the poppet valve stem. The present
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regardl ess of the |ocation of an aperture 14 in the
housing 2. n prior arrangenents, the reciprocating
w@r@sose3ek i ves t he poppet val ve by passi ng t heP@DAP2(104/001668

val ve stem through an apergyre at the base of the

| ower fluid chanber. Accordingly, a high pressure seal
systé?ﬁﬂ@bclttﬂeq 163 A rbe@rébéﬁn@u;bibféns)‘ﬁé aickiynignapingtgreater

under high operating speeds, is required. Achley[n%
precisirept edritel.HThjs enpas ihptihet engine opasatesanpre effidientyue

to_the | arge amunt. of additjonal i I CLi .

A 525, TR P PR Ao 68 Aaring
the WekbnCiheahfon,theAAbERTAMICt Sificiehey esft thengrgineds improved, as a

elimnates the need Tor such a seal, %eatly reduci n

throttleewhieheisriahetenily tinefficient. i é10 yieeetachi cenkdl th?ga'mél%’f of air
fed téﬁﬁ% %&%ﬁ%&l@ageggﬁhgzbrécigg RftBPER ISR dve f&ﬁé’Fé&%b@qntemal

Ri™t neécessary, enhancing overall engine
fricti6Hh f érediges wariBpleugongrol loé thecigeiproasating pistirort Bridnhence the
co-operation wth an intern ousi n%

POPRaS VAU g T VBTIapEniM AL VarERS] tEUPEss 1S Mgt Velves 7
contﬁc{l% Irl]ilun% E«ﬁkﬂf?ﬁ'%‘f G Bt %ﬂH?HﬂBI@ 1P PEHUES IdterhdleFigtibs enables

increase in the friction already present and
the Fegiecatisg gristoncdnto deemadre eagilyovesiptocaienpat digh ospeed as
prior arrangenents which include. a seal aroun

necdgsape AR S GTER PHE adnt ETreiey ardun Vg goptrol over

a grédiBr FETJPE U RIrhish Pi ston nore quickly, enabling
greater precision of control. This ensures that the

enghaabope dasesben opetstiongfdhe egnbadimend of the inention may be

. . Cnel udi | ; . '

variqdh Yuftctc, i, e atfiol i BRRRE b o IREE Bja g deeiphdoating

pistd ehaBN Bk Nedeferb By 8HE Weddferatddhbptadiastingithb tiraing of opening
I nherent| inefficient, is not needed to control

and ginsing thsf flaidrpatbe, apdiondyepritialy opesirgduid Raths: ér_&\%g%bi"ty to
oocié ooy MERATNE h0oh" B U 2 RFRRR el ief Wi

crashitg) sfaRepobhet palppsbnihé valesealhmnaybegirbeentett and
variable timng of the poppet valves 7 control

anbuRbewRorg; Pecadse fe GaanREieN B 16 ThedviRP @gé% is made
extegﬁélﬁ/ttbcme %%rglg tig %aé%itgﬁ G it {Hgg g@bél?é&l]s }o 0rhRye B Sisting

asrly reci at’e spee necessary,
autdimstiveesnginésindimiminrel ahbnges to theefdyilindenbgadadThis minimises

ino S bhBRe, P ediope P Sr S HEARC 95, Yot cam
sy (R KA thd ey T CEERe 4 chphraus more
ecomamyidatand eabier &0 parfar. decel erated by adj usting the

t %ggco%fneg%?r}iog 9 of the embodiment shown in the Figures is a straight
rod, however a connector of other shapes, such as a U shape or asymmetric
shape may be appropriate for particular engines, possibly further reducing the
changes required to be made to the cylinder heads. While the preferred
embodiment has two diametrically opposed connector rods 9, the end of each
passing through diametrically opposed apertures 14 in the housing 2, it is
envisaged that a less preferred embodiment may have a single connector rod 9

and single aperture 14,
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and closing the fluid paths, and/or by partially
opening fluid paths. The ability to decelerate the
WO ewbps3e4at i ng pi ston and thus the poppet val VBGI/AU2004/001668
ensures that crashing of the poppet valves on the
val ve seats may be prevented. Furthernore, because the

Col%nlﬁ%t Bferfed 83‘&)‘6&&?@&?%& t‘éhﬁéé’uc?n BSh e nekeetdttideyor rod

ousi ng I's possible to fit the apparatus
9 anticp@peawgh/eo'f nesyi sltawn gaabipoppeet valvengita spimnaniraihnphaut their

long%g1 p%ﬁ%ﬂtﬁg i’lgglélc eleslérn r@gﬁ\% f’q S§|I:H QH%Q{D{HQ@@@ o#?-}?atlon acts to

reduEéQt% Buid %Pdcﬁréédﬁﬁéfr‘\t&bﬂm&lvaw?@bﬂblwal\%igéatfsg costs and
maki ng ret fitting of the apparatus nore econom cal

andheagpparaius peayf be rmomnied den the 1siste ©bdhe jfe PRdnore poppet

vaivgt (et el il P rhdibE ahiedt &l 3o bgatachad 1o &

conrfdct@s YOIEY I VWhifsh apstentialiyb ee@ppingp thet murhber pafr valvel aperatmg
engi nes, possibly further redu0|ngFthe ch
|

deviges) LA ﬂ@uloeoamrﬂlﬁaémtbetmeswﬁ ITBBHOR @ISR Foqires lassdheight in

the @{I}ﬁﬁgf [nggd :?ﬁ'%?géfé%[}{?e Hore ﬂ"@ r?g@ﬂ%&éﬁﬁ@his\foﬁrﬁgggﬁ-ﬂne with the

Iongdudlnﬁatamsaiﬂuye ppmma@l\mo?éstemes 14 in the housing 2,
IS envi saged

haThS LRAiGH Sk Retcopt T 1855 ABLsaReTE Sk Slpelsdng, drain
patHs"s £ f§ﬁd %dlsgﬁ@%bﬁgnﬁeﬁérﬁ%@%%%é'Wn%r@%&@ﬁﬁhﬁ@@ontrol

corfnec or rod ppet valve 7 may all ow each
valvpsxplpemne/pre;ferrédtemnmmmenatam fast @igting aamérol valve is a solenoid

v AP el T £ 3. 8% ARG BBy may

alsoS 6@' ge FBtﬁ[}P N/awée oY aéd’rﬁblﬂaﬁoﬁ al¥wesepétem. Thén a@mﬁhet Lpfreferred
nt he side of the one or nore

embodimelst 7th9a¢¢n§f0| t\l@éws R4| whish aPEBWARG Glose |tbeere§8§9fé\fe fluid

be attached to a connector rod 9. Whil st
patrﬁcﬂ@rﬁ?'kﬂﬁ &pﬁeduci ng the nunber of valve operating

devheefespoctoyi @mnﬂcoalde@gntay thee Ipcateentin i theertigonpressure
al so requires |ess heig in the c%/l i nder head t

resafeir 88 QiHRMrap e OF wrgrpcs@f&fawg{ b sespeciively Pﬁat‘%cﬂlé‘n‘he first or
sec%ﬂ& ?IH CP%HéB&pb l(’j?élﬂaﬂ Agi S B é‘;t %ﬁdpﬁpw cYAtr¥fing the first and

ening an cldsi™n e rirst and~“second
secdndifididssupply aaddirdinapathpad, ds 5 asd 630@&11 partially open or closed,
pr ef er abl ép performed by .one qr .nore
v

mOV@mﬁﬂtopf é@CIpI’,QC@WéQ rigioa, r%dse%%t&&i%a?n g’?‘i ftygpgh the
conﬁ&étbf‘%&@%ﬁ%m Al Mﬁl'g'esor% W@'%Pb@k valved thisasorfitfied.

ure 4. The fast acting control

valrvea mm@rferred embodlment the control valves 24 are controlled by an
electronic control device 19, which in turn is controlled by an Engine Management
System (EMS). In this respect, sensors would provide information to the
electronic control device 19 or the EMS, including information about the engine’s
speed, the driver's desired torque output (from an accelerator pedal sensor), the
fluid temperatures and pressures, the valve positions, inlet air temperature,
pressure and humidity and inlet air mass flow metering. Sensors to provide such
information are generally used in modemn Engine Management Systems.
Information about the hydraulic system would also be detected, for example, the

hydraulic fluid pressure would be sensed by a sensor placed in connection with
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al so be a rotary val ve or conbination valve system n

anot her preferred embodi ment, the control valves 24
wakiosisspen and cl ose the respective fluid patPGI/av2008/001668

slide type. The respectiveqgontrol valves may be

| ocated in the high pressure reservoir 22 or sunp 2 ,

|
the fllid SBHEly Se@%p]gﬁﬁéu' gcﬁ&ﬁe%dt&ﬁ devicecss ef Emstvlr@nd then use

supply or drain paths 3 5 and
the |ﬁforﬂamlon proidéd bg seheonfS| tosadjusidthedeaninet valyed” Bﬁ wdytlmmg

drai n paths d 6
Bacabaahamaneoning 48 PECaiPSRT nBAibL BI¢ySPER Rereased
englﬁerétfﬁc%h@;ﬂ arldl E&ifol dfthe widpdratus enaslesaherliftiafd timing of the
nmovenment ‘of the one or nore po@get valves 7 is

popmﬂjn‘talms gdto rb&a Cpn’@ﬁl&dr Y 2ervdsiaPife MManiefe respeR@ng to engine

| ves 2
reaufBefits 1 ML AN B o CAIFME e HeprER VAT (q) 7 to be
smobMIASRFRBH wWifiue erdhivig) onto thil mspestmm:Valveawb(s&; woul d
provide information to the electroni.c control devi

orInt ha Emefreﬂclﬂﬂbﬂ@mqw,orﬁatﬁQﬁﬁt'%'&%t SPHBYen q[gms the
rec@@%@‘]ﬂﬂleq gﬁ’ﬁoﬁrf ‘ggl ?éeg%gc%l?rﬁﬂeﬁok Jn %fnﬁofﬁu%nthe one or

or pe t he UI t enperat ures and
mordpeppel ealves WetovailpveadqjesnmlemhlmownIp@sltwnr whemjbe &ngire is not
pressure an et air.mm

in uBe: an GaS s apveniabe o B EL GRS g, ralilgigy of control
com%SﬁSﬁt%l aﬁbu%ad dsnlt{Tﬁdrﬁftrh&F& 2y NBnasermite Wétpﬁﬂﬁoet valve 7

or mat1 on about e hydraulic” systemwoul d al'so
stariirey positidn Viloen exaengioe is Istamgdr Aubensfit|afi ima\@rﬂ@s@sl;@@tlomng or

B T

engi%%% aﬁ\Ve BV ovv hAd teaeuhe pdutiombostat uprhs known. Thus,
provid sensors to adjust the poppet valve 7 lift

this apgraaichi wg)rewmt%@pﬁrad@hdiprwwd retnmga% tq Hetqsigipgipoppet valve
i nventd
7 oA AR B Tyh B0 T S BEp increget ety

andaskhsf RRPREACVR, VRS erfsiire dgtra omdrkoby &Idelhydaauvim syﬁiem is not
manner, responding to englne require

requisAl IoIVesPeBe AUCH R SPIRY pepia Spﬁﬂgég‘gﬁn&ﬁd p@tlsegﬁv Bb ¥hibbed
in p@%ﬂgls%)atérggggﬁj st Bg;ét ceﬁﬁgsﬁ n@ﬂo\é"?ﬁé’ chffid i83R@petatfon, only

erre I ment, ~a positioning
beirgpungrgbed whtnrthe ehgmensmnq)pemuanm q»nder dm bias theareciprocating
tlon and,.t hus the one or nore

pr edet er m ned k;/ez
P'St%é@é‘ld RRARAIYalve(y) 4 B@‘("é‘rﬁ’ﬁ’%@@ ‘known position when
thq S9bRerdcdghfed! ISS/ H'?c%e SRillsdhasthbhart apx e astuat spnng 12

fur her re(? ng the conplexity of control conponents
couloelop: laoatied ai;vamounsspnsxtlommd%@lsaxaympte dee sefvrnspring 12 could be

Iocd@&? g? E)n\e/aen\clj of the reciprocating piston 1, residing within the housing 2, as
is shown in the embodiment of Figure 5. Alternately, the return spring 12 could be
mounted outside the housing 2, for example on the poppet valve 7, as is shown in
the embodiment of Figure 2, or be attached to the connector rod 9 (not shown).

A benefit of having a high pressure reservoir 22 of fluid is that the engine
may be started without difficulty as there is no time delay to build up pressure, as
may occur when a pump alone is used. Furthermore, any momentary interruption
of supply from the pressure supply device 20 may be compensated for by the
high pressure reservoir 22. The reservoir 22 may form a part of the hydraulic flow
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starting position when an engine is started. A benefit
of having a positioning or return spring 12 is that
W b@spsese4 i on at which the poppet valve 7 is heCTYAWR®I001668
the engine is inoperative iig known and hence the
position at start up is knomn Thus, this approach

oroCBR SRR PR ARPRTS Bl e i oddorout

usudRipRiraiors a@@dmﬂﬂmﬁgnmr‘aaasu ng its reli ab| i ty, and
ease of pmanufacture.

BT A RrP T oERPHET9M: esAIBAL 00 IPE iy B farmed with
partr%ﬂ{/ l{bgogvzenélg‘%s BS' SMOwWhEinc (e é‘m@@&l‘nﬂ@ﬂf by F%m%m’ bpetbs in the

n a conpressed state by a catch
wauemgrthrm hbkow rermlpeadlaw e, emm of thed frpmnrespeeiie ﬂhlélrﬁliméy paths
ne I s bnoper I Ve, n _or 3ﬁr { 0.

into ,aegiln%‘pg%rag WdlbeJWGGB 3 é?C{PJP%YréJﬂ] Sl;'s’[?% 1_and housing

2. SU@I‘(‘“aHOSderr@éméntWéhbukle JubseHiiafigd débréﬂ@éeth?éﬂ tisledof the
In the art that the return spring could be | ocated at

recumacatmg pisten tli legigg nmmeemwplammeﬁenrt@emW%m Pndlovgever, the

eciReh B B8Rl Py BRI, By 50 5 BoBERR, Wty preseres

surfaée \ﬁiﬁ'i’@ﬁdin”@cﬁﬁju@étldﬁ Wlh ehd relehiiteriaimbley, alidves tm ﬂumi to work
spring coul d be nmounted outside the housjn

upogﬁbﬁgeglpmpatlng pistopein thg dieectiongf itg 1Qng nz% Q.)ﬂ%, even when
e attached to the
the 'eeg;ﬁﬂgé%@w P% rgi's?ﬂ @l éﬁeﬂ&)oh A benefit of having a
hi tha‘er%?ﬁcbularolly ep‘:rel;]ermd dlefﬂ?mﬁmlbhw dhe sfduhafllwdhpa’dslsgl(mret and
ma e started w thout t t
sechgyppw e paalupoqsh%sguhe &0 A el §8plspfiSa, each
patff"p%(}ﬁg fts U@ﬁom ot ) R T2y vﬂf’dh 'Héff?rﬁé‘rdbn’trﬁhéﬁrﬂépbboelosed

e pressure supply device 20 na
panmﬂmwamrembémerplsemﬂmOg bf rheemtpmqaélmrmsi:on %;ES effaeted by

o i 50 e R e e PR e 1 vt 16

and b%c%n@%ﬁds"f?%@eﬁh@%a%é RBiinal surFaksd a@é)a?éﬂtjltﬂ@ redfprocating
own in Figure la. preferred enbodi nent, the

pistoredi iprdstveni bngpm@uaaed flesdy alieyneteiyreypplied tgezaghapisjon end 16
an di7]| | ow ends 18, as shown in the enbodi nent of Figure
"Holes in the walls of the hollow ends allow the

BiyYopdnihd doetrbr @iive eapecited e the st dfupd }supplyhsathrﬁ dluid is
a chanber 0 or 11 forned between the reciprocat

suppliest tmafirstreharaben hy formeg beiwaenaa fiayend 16 eh r@%ipfocaﬂng
s SEATflnh SORETRE SE ATl o Bopraciey et Scnambe

11 tbneveprestiRe resenwinorsumyg 2piis tlosetand riod ptmshmda ttkm'eby built

up irineosh ARRITBR it S 3RS 6] EPIRTPCa HARTIonS (Bge Pigrauically

drivEh Yt t® fiPQ fosition to a second position. At the same time, the second
fluid supply path 4 may be closed and the second fluid drain path 6 open,
allowing any fluid in the second chamber 10 to drain through the second drain
path 6 to the sump 21. Motion of the reciprocating piston 1 assists this draining.
Precise and variable control of the motion of the reciprocating piston 1 may
be obtained by varying operation of the control valves 24. For example, in order
to decelerate the reciprocating piston 1, and hence the poppet valves 7, the
control valve 24 located on the second fluid supply path 4 may be opened or
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upon the reciprocating piston in the direction of its
| ongi tudi nal axis, even when the reciprocating piston
WO 200805834 | extension. n a particularly preferP@€dAU2004/001668
enbodi ment, the four fluidygaths (first and second
supply and drain paths 3, 4, 5 and 6) are individually
. C . o V
partigf cpehel R e TR RHAG Pifost Ane8 T ad B ihgRcn. The
pressureogiethe fRicksimsieddotthelseobnd lehamixsrpliCoexerisg fpiost against the

is effected by the timng and, condition.of the t.r.ol
motign|ajdhe reRiPreeatingr BIstaN Hg.dﬁpﬁ%ﬁﬁ'lg i r peléw&‘%ggc‘&@gh the
vaiv€ WSpded aig tﬁé‘ﬁmﬁ?gﬁ apoNal muineasiecbRid cuird! Aevice 19. A

recrprocating pi st 1 is drivén by pressurised fluid
similar tprpoess Inyays bepfallewero faradtivipigs then resigregalingz pistgn 1 in the

openi.ng .control valve 24 |ocated on the first fluid
OPPQSISHIESHQNh 3, fI uidis supplied to a first chanmber

f ofRshAE WVREAdEGN 16 beRfalle toh@edalsiate dkatrécigrauatingrpiston

1 and housing 2. The first fluid drain path -
as desinreddhe istaacaitraveliad Ry Hiedristary may WG}L@%&% py the timing and

reset yol . i e .
el fEBE NGB PR Ao J3CEHBE g e BT ance vavelec
by tié bdlpRIAtIhG Pidbs toMnstead dhgohjatieterate thé yeciprooatingrmiston 1,

a first position to_a second posjti . At the,sane .
and fienge the@oPBEbKAVES 7, dha GRITY! NalVR % iRgAlsd ) tessesanyl fluid

1 : _ : o
son RS R8s BB RSPyt o, s e
its nibtidinn apdtthe Gohiwoltvadves Rdpocate dvt thenfirst flulgesupply path 3 may be

closed bt 61 ELBRRAG0 HPlae T fkned ity figldhn. ThEThia8sure o
the ﬂﬁﬁ's‘l{pﬁ%ﬁ%& 'tc?ﬂ?eﬁiséééﬁh ehambePa 0Bk adokde %gaishthe motion of

operation o e control valves 24. For exanple, in
the @ciprocatingigist®net, sfepping itr eci procating piston 1, and

h th . . h :
Pt BB I CEGEEho  Higl, o von
contPRepfk 2ARAGGALRH li 18P BOROsWRAIQ ath IReisr eisé P okt de@rmine how

At
piston 1 has finished its notion. The pressure of the

quicklyuthe shapbeeds fied end depre HieaspepdexieMnich, the regiprocating

.. agai. nst. e notion of the reciprocating piston 1
p'St?Jg@é‘f §£“é‘%$‘ng it. The anmount to which the valve is

opgaeH endhd Meut ioonhe! ivaesnt24lis eiddepentientt) exgarablec but is
control device . A simlar pr?cess may be foll owed for

opeted iimGoordinaliQn phiGcHe aEepiGRS. 121 FNgRe quﬁent system
confofis GerhERS 1 Lbdred B A 1N I pangdland e tming
of edtisvalvedn resposlsbdd enygirtehdatpi st on may be adj usted by

t herhtel rgbrc]>%]/eaggili’ties to directly control the speed, acceleration and
deceleration of the reciprocating piston, as well as the distance travelled by the
reciprocating piston 1, directly determine the timing and lift of the poppet valves 7,
and hence the amount of air supplied to the engine. As the control may be
adjusted and varied constantly, and is very responsive, the electronic control
device can constantly adjust the lift and timing of the poppet valves, ensuring that
an optimal air supply is provided at all times. This ensures greater overall engine

efficiency.
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15

amount of fluid supplied. For exanple, in order to
shorten the distance travelled by the reciprocating
wEr®bos3l4 instead of to decel erate the reci prECEHAUZY4/001668
piston 1, and hence the pogget valves 7, the contro
val ve 24 | ocated on the second fluid supply path 4 may
be f 4k ' t ifferent
i s tpRRERES P amel iy, 4 PRI pistog P Radirer e
surfaue afea én eath ehdirdag bppisedpanti, Br eexarbpele poessyirisetl fluéd could

be %&téﬁ@éﬁ%ﬁ?&) | n%ﬂglo?\}agpgé [?plmneéa"nﬁ%e? H*'ététgggt l?%g' preferred
embbORIBRE, A8 4t Pud Bsdg@ May beleoRsangy s@bpﬁb@ to one piston

reci procating piston , stoppihg it. Wen sup &
end fwhilal pressurisedi flsid ahzntiugher pfeésuégr@eadt@rrme hsun@hed and

S0, 1 BB e MRS 8 3 verng
hydraulié QQS@Wf@ﬁﬂﬂ%ttémmDMeaﬁﬁw@sc M héwe eatbhqimeats styl retain

piston 1 is driven. Each of the four caontrol valvg
the agvaniggperidiaucgd optaraal Bictipatdyestevaidiag the need for a high

oL S D S i GG ot v som.
WhAthHehqard%memv&nﬁolenmdyabel érmbotied nig eéverad:rfomasvmthout

departingdtary 136,801 B10ltHe cepeBlal chARSTRRRLFoAl 1 rention, it should

be Lﬁﬁ‘é%&s&@tthé’t“chgfaﬂdﬁ'v% d |Bée‘é%bd?ﬂﬂérﬁ§ e rdt wWMBhlit &% present

ance travelle the reciprocating piston ,
invedtiochlityralle¢resinduld beheonsmmetg bmamllymthmf thehepigb gpet scope of

e SEeeR SR LS00 IR B S D VB8 Bintons

' ABRBEHN b U hbmd@kjewtthmmne spirit and
andc&ﬂﬁ\?eg?ﬁﬂdé(lrﬁﬁ @gﬁtééggés/tlant |y adj ustl the lift and P

scopé of ihe mresehteingeplizt. val ves, ensuring that an opti nal
air supply is provided at all times. This ensures
greater overall engine efficiency.n less preferred
enbodi nents, a reciprocating piston 1 having different
surface area on each end nmay be used, and, for
exanpl e, pressurised fluid could be constantly
supplied to one end. Furthernore, in other |ess
preferred enbodi nents, fluid at a | ower pressure may
be constantly supplied to one piston end while
pressurised fluid at a higher pressure is alternately
supplied and drained fromthe second end. These
enbodi nents may require a differing hydraulic system
fromthat shown in the Figures. These enbodi nents
still retain



10

15

20

25

t he advantage of reduced internal friction due to
avoi ding the need for a high pressure seal capable of
woep@sasi3ng at hi gh speeds around t he poppet vaP@BAFR®AN01668
As the present invention mgy be enbodied in several
forms without departing fromthe spirit of the
ICLgﬁ\ﬁem' al characteristics of the invention, it should
nderstood that the above described enbodi ments are
not tolimt the present invention, but rather should
be ina:
1. DEATENE B RESAIa 11 S oo AEnSF et Fouaing
oCl AiHBusing(2)pus nodi fications and equi val ent
arrangenents are intended to be included wthin the
spAr recipiagagogpeiston {he f‘fb‘i'@@gntwh(?Wer‘N't% "@I?AIhIQPS'ngA(Z)’ the

Vagefc e&?ﬁﬂﬁé}g%@ﬁﬁ%ﬁ r@sor{é’{)r gﬁbl‘erﬁcﬁf i pﬁ%(%g(?f,tnbon

o0i Atfir8t fldid é@lﬁpa’@l @ndya Wsttfﬁluwtd‘rawhparm (5, éagh plathe being
reciprocating piston (1) driving one or nore

vaw@tsoltame to Aupply<ar ram ﬁwgut@ﬁ rompa sy @)C'%{ﬁeagfe@ ipisien end
drain path (5), each path being controllable to
gfp Y or drain fluid to/froma first reciprocating

-IOI At@bm@dldld@hpply/paﬁlef(@)rwﬂd lalsebmdoﬂ).lusd drairhpéth) (63nelagh path
second fluid drain

cobeng papalatl i sBPp e Giais e Joirars 4 Sesead degipreeating
Pér?&ﬁ I p| ston end (17); wherein said
|proca i'ng’piston (1), in use, is driven between a
whefem staicp:mnlpmoatlraagwplsmrs(elc)pmdjsymoss tdrwanti;etweanra)furs‘t pgsition and

fl d
a sefé?hgtnpéﬁm wonoling i uigin S BuPRM Enddraiadns . 4. 5
{t@rebyﬁ"}g)é@ﬁﬁﬁﬁ'éhl@ G R Cihdfe (@ézppﬁétsﬁaﬁ/ebhmugharﬂﬁ wherein a

 apertu in said housing to connect said
conmmiopf&)qmasag tlmwgb ran(agerttue 4&4&1 lrbﬁelddnouﬁm@ (%bﬁ@p%qnnect said

e oHon ) S5 PRSP el GRlis 7 e ociorocetin

plstérPr(’ﬂ)' ﬁﬂc@-o‘fs@?étldrpwﬂh%\/rﬁﬁﬁemabwahbf ahe Musﬁig &frnflhgllall seal to
om t he housi ng Emt hrough sai d aperture

prevmn \saibstasntial ﬁ%e%qop utdjéroat&faﬁd\cwgelm @ a*hfﬁuﬂh/\ﬁélrdeﬁﬁerture
(14)sal d aperture (14) is substantially sealed by at |east

a portion of the external surface of said

reci procating p| ston (1) to prevent egress of fluid

fr%mvélblg 5‘;9&% ga%%rattné Oalt':%grdlng to claim 1 wherein said aperture
(14) is substantially sealed by at least a portion of the external surface of said
reciprocating piston (1) to prevent egress of fluid from the housing (2) through
said aperture (14).

3. A valve operating apparatus according to any one of the preceding claims
wherein a connector rod (9) fixed to the reciprocating piston (1) connects to one

or more poppet valves (7).

4. A valve operating apparatus according to any one of the preceding claims
wherein said first reciprocating piston end (16) and said second reciprocating
piston end (17) have substantially the same surface area.
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said aperture (14). 3. A valve operating apparatus

according to any one of the preceding clains wherein a
weonsesses rod (9) fixed to the reciprocati ng PCEHATZ04/001668

(1) connects t-o one or noreggpoppet valves (7). 4. A

val ve operating apparatus accordl ng to any one of the

5. pr&%ﬂ}egﬁ%é (a%gsagﬁ% 165 %c%@k&%né't&sényr 615é Bf ¥ brdébding claims

pl1 ston sal secon recrpr ocat | ng pl ston
whegsil e(aﬂ:lﬂ)oﬂ‘@aae fisstbituid revipplyl patiné3) efn'et Huidf dradn padfa (8), second

i S RS SRR B SRSH B e B Shodncenty

t I I d,
oos Bt 408 ANGE 0 e s coss

partiny Gperi mﬂepperdeﬂiaﬂey Q@ﬂﬁh@heoﬁdherfﬂurv&ﬂlldec@m{?l V§b49§ (24)

oGP B B S8 nt 888 e B i o (e

17), Stﬁug é%@Bhﬁ@'coYﬁbV@ﬁ th@ Movermehalor e treeiprbcatire pi§tolm q1) and
to said first and second reC|procat|ng pi ston ends

hengel eperatipn of g 0vabMAig popREt yRIVEs (The novenent of the
reci procating piston (1) and hence operation of the
one or nore poppet valves (7). 6. A valve operating

6. appavalvesoparatingiiapparaiusngce@rding tprame @f HQ%PE@Q@@‘“Q claims

el 5T E B DY beu LA PIEASHI AL SrfBRlongubf e o

mor® af B§|d(fﬁud 4upply paths {8, 4A5yahve operating apparatus
according to any one of the precedi ng cl ai ns wherein

fluid in said supply and drain paths (3, 4, 5, 6) is

7. CORyANd BHeRiMing app2atg d&mam@%ta@yah@mmh@tmeté@ng claims
19 sai d engine managenent systemcontroller

wheeaintiuis I $f-;;d RPN Pats K8 4.0 @rl@&&mfﬁaeﬁu@&% engine
mareOhrRg sy FRRoI Y B a8 Enaihe mallAat oA B, pontoler

(19)- cohtralirde i epatdtion epfies acipracatingdpistort m)aayado’thmlsoénablmg
t he precedi t%%&g ai ms wherein c?l d remgrocat |qr}% | st

varighle |lﬁ1%"db‘@f fiming eentim) of SHG BNEiGk NG RPRAGTHVEIVES
said supply and drain paths (3, 4, 5, 6) to avoi d

crashing of said one or nore poppet valves (7) ont& .
8. t hAivalyeopetatingeappsseiyis arcosdipg wearapenatqfﬁaea%ﬁa? pgclaims

whegifigrait B Dot §REo Rl bR b8 g Rl RoREIRY baid flid
in s&id duppileantidrainspathe (Bp4a5p6¢detaaord orecshirgs of saitl one or more

thereby biasi ng each sa et valve (7) to a
poppelawyas () mede rrteisl%ﬁc‘ﬁﬁog?%g bi asi ng means (12)

bei ng prevented from acti ng

9. A valve operating apparatus according to any one of the preceding claims
wherein said reciprocating piston (1) is biased (12) when in an inoperative state to
a predetermined position, thereby biasing each said poppet valve (7) to a
predetermined position and the biasing means (12) being prevented from acting
on the reciprocating piston (1) when said reciprocating piston (1) is in an

operative state.

10. A valve operating apparatus according to any one of the preceding claims

wherein said reciprocating piston (1) is partially hollow, said hollow (18) providing



10

on the reciprocating piston (1) when said
reci procating piston (1) is in an operative state. . A
WO 20080583per at i ng apparatus accordi ng to any oneCDAU2(G0€/001668
preceding clai ms wherein sgigd reciprocating piston (1)
is partially hollow said hollow (18) providinga
rf u Leh vert i r t i
a oo b RATer Yy il Blod, Rl 2 Y R KingfbnT3p: 17) of said
reciprecaBn@pitai (1)g apparatus according to any one of the
precedi ng clains wherein said connector (9) connecting
the reciprocating piston (1) to the one or nore poppet
11. vajpvasivd bperdtingveprastusnaroeding abvany dhetaf thpipreabding claims
its longitudinal axis. 12. An engine jincludin ? va|!1ve
whetgiarsaid £gnapeiar 42lsonnacingithg reeRIRGatNG Pb?’fo'f'?(é to the one or
r‘ . . .
morlRpE8, evgs ThiRioviseath BBBEE VDRV F10 SRk EbAR 1B lopghudina
axispr ecedi ng cl ai s.

12.  An engine including a valve operating apparatus according to any one of

the preceding claims.

13. A motor vehicle including a valve operating apparatus according to any

one of the preceding claims.



