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i whi c%‘? ﬁfq‘ﬁ e‘ai‘cenzde‘é’éﬂlp l26d from each ot her and provi des each
pi ston ?“h [ PEe “par Y 26¥ “SP4 di hg surfaces (30) and its own slider
(18 The sI i di ng surface (30) of each|piston are disposed on the sanme sidg

of (i;hﬂu@lrg;&{k@chﬂaﬁlpﬂgD(ﬂ@m-@éS the crank (12). The main axis (14) of the
crjank (12) is novable along a path such that the pistons are neither

SLb‘iﬂtahtr?cally retarded nor advanced. The effective gente of @SS of t he

crlank, to ns ionary relativ {he : 7S.
Edch d&%ﬁ%ﬂi&hﬁmgﬁl‘fwf o mfﬁf'sms ,@%2030) for constr 1 hE 3 to
nmo\re p@zlﬂgf didigy spifsds A0} @XItsSqwntsh(&r gw te neans | ocated &

sl |5'p’lhb"i E’fgr@%efe’sch PB@I) ar'amroaeﬁga@ﬂesagwt@es rigidly mount '; x ‘{ case.
v/ » s
A %?a?ifga T8 ﬁﬁihmthe@gﬁﬂ‘act the piston andlg L

e af¥Ser fsBEra Uﬁirdemg)rqfa Ehed@OShd eRAIvO entiehe internedi at@ U
cha hﬁs 4 e cta iE@S8d Qs rca;tanhs()staofﬁnaxt; Fadidevi ce. For a device .

pi|$t 4 ok Piife EroRECT jhga*ﬂﬂt‘atahﬁe@w)dmt he two s is sp1‘|t into two

pc @Qﬁ%m s,f‘e EASERLY . HEEHEst oget her%x m  Pcrl AUCO 0028
Iae@ehgmgdnal&cd]du iy c2Adbe. 87 AGmRdie&dnBE0Ccaot i ng Fi e hi nes Techni cal

Fl maﬂn@fm“@ctlﬂﬁv'e‘manbwShdeslva'@\eeeab:foradmﬁam ation pf recipr O/actl ng fluid machi nes

cclﬂn@gm"@g& Eﬁ'l:]d tr "SRt IR E=Edyi ces. s fBackgroufid Art Known scot ch
Y QKR ENd RS bACAUAE ODE i oD & sirdhbS Of ho y opposed pi st ons
I @ cYoRIGEEEIangpeib releeb @04 dogteecyl i Nders. Each f apair is rigidly

atitached to the other so the pair of pisj, a.Single unit. The
pifstons reciprocate along parallel axes whi e coaxi al _or whi ch may
be offset. A ,o0 crank is provided centraII ons with au
oflf set nDunted inaslider. The slider ifturn i s noupts
agsenbly between opposing sliding surfaces, which exteRg aeﬂﬁncnlarly to
the axes of the pistons. The slider is thus constraine ¥
pgrpendicularly to the piston axes and so, as the cranlzZEgrat
pijstons are caused to reciprocate along the piston a ’?-f@ '
sifnusoidal ,s notion. In certain circunstances the prov151m bf T true
sifnusoi dal nDtlon is preferable to the quasi - S|nu50|dal‘he%f6ﬂ pr8V|ded by
alcrank and connecting rod arrangenent found in nost internal combust i on
eHglnes or punps. However such devices have certain drambacks Nei t her the
slTder—which Teciprocates—ma verticat—ptane—nor—the-pi-stens—ean—be—
dynanlcally bal anced by a rotating mass. Wilst this




20 can be partially conpensated for -in a nmulti-pair device, th| still
 eaves rocking couples. Further in the conventional arrange %AMOD(:D@LSI
5| i des between a single pair of opposed surfaces which lie- %F‘t"h@iib dulge001
“'"p the bi g endzfseari ng. The pi stons nust be arranged al ong parall el axes

nd on the crank. The present invention ains to at |east ameliorate sone. of
g he di sadvantages of the prior art and, |n preferred forms, provides
-eV| ces in which paired pistons ldid Machimesct ed t oget her, are

Hot necessarily coaxial and in which better dynamic so balancing is ’
¥chi eved. Theiﬁﬁhﬂﬁﬂﬁ_@ so all ows use of uneven nunbers of pistons

srounted on a single big end bearing pin. In one formthe invention in
ef fect decoupl Bis irvenpiontrelates o o varatidn of Reipravatingfloid mechieectolRy

W th
§ts own pair arallgdGegotoh yokd dedtesur f aces and its own slider. The sITle ng
#surfaces for each piston do not lie on either side of the big end as but

re p03|t|omecmi%ﬁ;méthe big end. The sliding surfaces may be
sconpound surfaces ecoupling neans that each piston is not relying
fon the coupl i fIQndWﬁ@cét@ﬁ‘yBké‘&éw%s%@lﬁd@Bn@b?h%&sp&nﬂ JFRY ?gl b@nﬁgéﬁ; ghect!ons

jand all ows ea axls _a
%phase to all ﬁe @ PaLils

4§PCT/ AU0O/ 00281 CeCIP %E TQ“%HLQVBF%?S e|Hﬁ"@‘f"~°«:onnect ed
jvia a common | 5 Eﬁp Pﬁsé’%esf“ﬁ%‘: ey bg soanialarmghis Fﬂaéfdlﬁsf)fﬁiehe\

Api st ons are™n ﬁllﬁfp\]’ld@@ﬁmléfcpﬁtbgémh@fplsmwﬁlaﬁc@ﬁatgtmmtedmamhﬁeﬂ)e
#achi eved wi t h Ehepdlider irf tyoi &t mownted imthefistbagesetnby bdtwebn eppoving Sitng f or

gi nstance. s Arsuifapes, telrith @aend pérpbiEchlaMg b ﬂﬁ%xb§oﬁﬂ@p&§@nsoﬁhé§§&&'l§&h§‘9
3rrea?s W{n ch gldod@tnhhédﬁiﬁl‘b@@g E¥peRidflarl %ftﬁe oﬁaﬁ% rghg
restricting mgga FT be
das to the sj.d &?13 oS rﬁ%téséé%gggﬁ t?t%gn Ir% 8??1# ﬁectlon
gof sl i de. D| sclosur, go GQIQ\HSI%Q F*'BE\ ?1 HetPhBent i on
dprovi des a sc elﬂ“ﬂscfé’%‘s@ jaSionipreYiderd Ak copstgagsed a big
#end having an aﬁpgmﬁnbﬁugdm msmmalaomummmme@mrmmr Hokevarendect i ng
Smeans nount ed dsRiceRdawe gertain deavitecks Nitither hetsliders which renipaoeandsdd afvertical
dreci procal notplare, nor theqyi$tong ebn bk dpgaraicails belanesdits; a fAIRiHY Shey) Widlst gk a

4 Cr 0Ss- sect idNahn deqRATRATPEIHEARE £0n aYBuR-54108vi0e &J%Etkn?léébéé AV ng

rgwde means i Rghykng a |inear surface transverse to the piston axi§, the
4gui de neans engagi ng engagenent neans on the connectlng nmeans; and zo at

3l east one VGSWMMW@H%JM&? Rt B9 ifig S ﬁe'}wtegnmvhn%lea}'!va?ngfthe

Hpiston axis {w; etg0 adﬁ ec
cross-sectionagl area a ggt% I 5 eeo 1§§F EB%OI?SsmP%cat ed
3WI thin a vol u%é gmd %Q&"b@é‘% sHyRER ther 8¢ ong
Ithe pinion Axi® gﬁéﬁe susfapescaiiibe Pt ongnush bo bsgrrithan ﬂweixanetrahefﬂle
5 bi section for P& Oﬂﬁ}éﬁ?}'ﬂl?,kon gui de neans. Preferably, the guide neans
qincludes surfaces which extend substantially perpendicularly to the
respective pi St@rprasans mveptiew eims tole lgpst uteelmmtbaomson?mbeémmmagts of ther
than 90 to t hericespexmd ireprpfestedrionns, providendevies i RhidhpAledpidtbces nao ar e
"per pendi cul arigidlo dohfiedbdiRBHHRK ia%e néth%oawaﬁl@ e%dk{aii&i‘éd@m é’:t &mbfon the

# per pendi culsgr bEbén leaétgédﬂ% 4Ren s LRGISNGR TSE b RAA nlibeRCos p}[‘f\% o

more parallel ) ?‘?e& G respond and
1 gui de surfaces ternat g ﬁl %ﬁ"gfa Brent neans may include two or nore

jroller bearing,gr.¢he {Hclﬁﬁvennon in effect decouples the pistons from each other and
provides each piston with its own pair or group of sliding surfaces and its own
slider. The sliding surfaces for each piston do not lie on either side of the big end

35 but are positioned remote from the big end. The shdmg surfaces may be compound
surfaces. This decoupling means that each piston is not relying on the coupling
with the other piston or pistons to move in both directions and allows each piston
to move along a separate axis and at a different phase to all other pistons. Whilst
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as In thigrenbedi nent, the linear parallel opposed guide satiat %E:J {

# ocated on the connectl ng neans and t he engagenent neans may be (He8/06R8 1
4 he piston. In AVE ~DED SHE t PEA/ AU  PCT/ AU00/ 0023 | Recei~ v&gcoedi2i Julpaoai
$288. doc prefegpkad forns there are two or three pistons nounted on slider
#reans on each big end bearing. The pistons y be arranged at equal angles
@bout the main axis if desired The guide means may be integral with the
@i ston or may be |ocated on a separate structure attached to the piston.

A\here a separate, structure is provided, it ma i vot.abl unted to the
Biston, pref erBﬁWﬁ%é@@%ﬁﬁ Y‘ﬁaﬁf’mﬁfﬁéﬂaﬁﬂg%ﬁ? Y N&E BH8Y 0 use

Ronventional phidi ﬁmnpbngldhhmeteémg?glﬁtrh, @A Ye neans.

.; ylinders. la a V conf | guration, novenent of the crankshaft along the

i sector of §haginglode sfmbﬁmaﬁﬂembr@&tm&eﬁ@nwméh Ia@ﬁ{tge in

AL OMPressi on ragy

‘ ra?é1 el |y
-i;”Y'c,SE?iLSHLg%e%ﬁEW S T i

1- ston engi ne be in any direction. Wen two

| stons per bi the pistons.may be arranged in a
fr any ot her de5| redanle The nunber of pistons per big end is only

e d are ut|I|sed

may be at any angle, such as 90, 60, 72
),

Zonst r ai ned by lpegebioad Term ghe myertian wragiderasrotph yokamBuigedevieemehich si ngl e
Jtonnecting meaﬁlscqjc{)on zo which multiple pistons are nounted or there nay be
@ mul tiple con é ﬁg means nounted on each big end bearing with each
onnecting neans having an associ ated piston nmounted upon it. When multiple

i stons are nount ed t @ cenk Belgdend bigked hawg ke skRediich otbis sbatra tiabf Hice
4 romthe main axis gy tHé EhQrent pistons may be at different distances from
4s the main a.~s. Wiilst the guide means aad conpl enentary engagement neans

incl ude preferably sigpliRcRheRRInSHohACE% (He BIASR a&RET 1 ON, ot her

bonf i gurations are possible,-to provide additidnal |océating surfaces

erpendi cul g to the !aﬂl@é‘st%tihbﬁ%lﬂﬁh'oqﬁte f:&%c Ituatszﬂoﬁts&t&thegnmaeaamwa

Fenbodi nents, propo
EI ston may be decog% %9 %}‘Lab(’ﬂ%peI S %b%%%ﬁ% b| g end
f a crank, so all ,flaécé% t&rpat T@\) g;ﬁlff‘ﬁ@g ki ?13#%M|ch may
“he at an angletoa verto £y PIRI9E X5y e 8 & FEERHERATE

as been di scover edomﬂmcqnnectptgsm@w,m be rotated in the cyli nders about
n axis generally perpendicular to the cylinder axis, causing damage to the
evice. To $% prevent 2tlgpss ooemtmcﬁgigmeméobemﬁpmm@e@mmove@pngct| ng
ans nounted on, ctwmestoedxisp or integral with the piston to maintain the
#histons in a correct orientation and to prevent unwanted rotation or

Zdefl ection of the pi stherein thegisten goidedicmmnbisects e pistoariossrseaticml preapases
peoond restr] ot ng avleas phacTach Ruking rifant RElobiB ARLADG el Wehnel by co.
gThi s requi AT r%%&&%@%&m%@)@?@&e&% ?Zi.ip gagact 0° )
#size o e ui | ve ~
55| rrly 2. 001 “dzas. ad% E%@é@%fyﬁe restbrlsi c?clmng mean ar on a ned
Zwithin a vol une def F¥RE by a projection of the cylinder's cross sectl onal
#area al ong they,c er aX| Howev the uid ans or .the.restricting
#means, ox bot hh%gc& fneaFS ‘%‘? "%&?r{f é) %‘ﬁf‘l cting
Zreans may |ie RFPRRd ] VW%%&@?W%%@%W%I%“%W%em re
2 ine of the bis¥end ehothThthanSOf té el mepenvenpistomyaxine Eiven mkein it gujdasirfacas t h
Zt he piston bodgredipergendimlanieo tie pidon aﬁﬁpﬁe@sﬁd@@ﬁﬁes&hﬁﬁd@ﬁdtetﬂbrﬁﬂﬁ pi ston
gbody. Where thﬂeﬂb@ﬁ&b’h&}bﬂlﬁ? ZAR11AECY SE AR én?me%ﬁhﬂi'b% tWBick ity be

(')

Irotragt“r:jg'(tjl \rlt\lgl ?rg e@'g%igblg?bﬁ‘ i o S] Vglﬁ{h% d%ﬁqn tubes
#Zor rods, which YD%LY@ %FE%FP rﬁﬁqnﬁlq]%[mf’ﬁ‘dtgﬁ% © BF B1%5% & the

Frestricti ng me¥§d%encl udes two or nore gui de nmenbers, these gui de rrenbers
@may be | ocated s%rmetrlcally or asyrmetrlcally relative to the piston's

Hcross secti &hald dimeat.dhe bnsartpaeilsl ppposed guisie surfacrssnshbeo ST
dcentre of the Piesivonesting msans-andtbe ehgayaineat means may be mounted on the piston. In
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VWere two or nore pistons are nounted on one big end, the pi ston€ _EP I|e
N a single plane or may lie in two or nore planes. Preferabl QY A1d0/eees1

@f the invention includes stabilising neans engagi ng the con ?ﬁef‘ﬁ’ Zﬁéal‘ysZOOI
go limt the cemfigeting neans to a single Oéi entation as it orbits zo the
#ain axis. The stabilising nmeans may includeé the engagenent of the
gonnecting means with the at |east one piston. The stabilising neans may
gncl ude a separate |inkage pi votably nounted to both the connecti ng neans
and the crankcas T&?’ cra nechanl sm may, be a sinp|e nk wi th an of fset
#i g end bearin W 770 SR 5o HiSTRSE MAWRL) e 805 ereachdig
Hther than si npP emf@epﬁp%maﬁfoetan@nm@a@qaalt@ghsngm& @ madmexiadf -
aingul ar vel oci ldﬁﬂqg(anpl es of conpound crank mechani sms are disclosed in
;CT I nternational Patent Application Nos. PCI/AU97/00030 and
CT/ A8/ 00287 Thetguidh mehmsmap be drtegyal withahepistaormuyebekbcited eha. sepgatthe
fnvention, in ammamm@dtmtpmwmwvum Eﬁ@ééﬁl&nﬂ@‘iﬁ YideBSi % aX' S
e

Bf the cr ank ]§|ﬂ1¢1§3t@&3t@£§§; :Eggif@fabl reg‘-lrgﬁ
SR

Bylinder or cylipderse2ds
Mt |east one p| n IS ne| re the
fevi ce incl ude arranged in a V confi gurat I on the mal n axis of as

4 he crank nech |sm rabI s, al on r path_whi ch i sects the
& ncl uded angl e aré’?qd\e}?hg&wett‘%gwﬁé’h&%&PEW beeotablgto as to
=rechani sm ms?9/ 5|°6ﬁ§3re%$lcmr@txom@(pmmgnee theppistons)in thecylindigrs) 10078 1
Recei ved 25 J; cPyfipgstiogzaevement ofithut drenkshafiattingethe bistéter abtha dndlidegl angdns
Has a centre obetveesn the cplimdtroresoits i cte@gt it Cotifvessibntiratipdyithdus an change

Freferably, then ?mk%rmkmaﬁaﬁﬁﬂh%rdwdé%rﬂ@b%kmwﬁd / or
Hynam cal | y baly rﬁ%@ aﬁ%sg%r&t oM@t Gnl gc crank

_j,XIS S Prefﬁ t éd’mth% nean <?Jigw?ect%{e ntrel%@a}SI é%ﬁnﬁwﬁ

A4 oget her wit e connec _

X1 ank rotut oo, ol aﬁ%%h%#mé St s e e ey B Aeed a\?aﬁgﬁd

& n a non-opposé& sepdigyation %ﬁpﬁmﬁﬁbqﬁ@nﬁéhﬂéc&qch@sﬁ@an@ ‘and’ phe

réngagenent nmeaABy peien éesmdmangée muttber ob pistims pfr kigendps stlyronsiranedibye

gnar moni ¢ ot i ophydicalsmet leitatoisoBactebiy entligaytiemie GeitIES calnebfAE ncafiCumal I of

.;_?M stons, eaeh paii¢h @inltle pAens Y HBnRA B IBerk dﬂﬁu e &\@dn%uﬁ

Zoqui val ent to %%M&@ﬁ%l@%ﬁ?%ﬁﬂﬁﬁ}tﬁ%ﬁ% 28 hichs
era |on o éhc i

.'-|rcIe but it F@aq]
.|stons i's smB arrmnlc m)tlon The inventi on, |n anot her broad form

B L NS S BRI B

3 aving an axis pisions may mﬁ@g@ﬁ%cs oo n

gneans nount ed Yg
2hi st on bei n rrﬂ:ﬁ’rﬁl%’cﬁ”iL reciprocal notion in a respective cylinder along a

'espectlve pi st.an s, .the p| ston axes of each pair being at 90 to each
t her, each pi g’fﬁﬁﬂ aRfboAmplemsaEy etgaghmeniompanstinelyderprefisrably

erein each pampleplm ehascrasmsonhﬁhmﬁgmmﬁomtmmosﬁblegw val ent

Azs to a singl eprersde adiional dodating surdtdes perpehdicORn S SreQinelese @lidé hRans.
Hconnecting neans is located an or adjacent the big end axis; and the crank

i ncl udes a coubisrinvesitiping in somé edbodinRha), pyopdiamebicheake ¥WpRANAG dbdcédia bi g
#lend and havingwhichesach @ifén @Sr?oercﬁ(’!@&;ﬁe& HOM Aotk o flotmtddorPe GRUAT €7
gwei ght i ncl udi Big dndeofeiithitig| 8Mio®fing each piston to move along a cylinder axis which
2 may be at an angle to any other cylinder axis. In producing such devices, it has
been discovered that the pistons may be rotated in the cylinders about an axis
generally perpendicular to the cylinder axis, causing damage to the device. To

35 prevent this occurring it has been proposed to use restricting means mounted on,
comnected to or integral with the piston to maintain the pistons in a correct
orientation and to prevent unwanted rotation or deflection of the piston. In some
embodiments, the invention also proposes second restricting means located
outward of the piston and cylinder bores. This requires extra space within the crank

4 case and so increases the size of the fluid device.
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a first mass to statically and/or dynam cally bal ance all or par t he
jass of the big end bearing relative to the crank axis; AMENDRED ‘—A_UOO/OO-?SI
PEAI AU  PC~l AU00/ 00281 Received 25 July 2001 9zas.a a second 4rH€S 28 duly 2001
dtatically and/or dynami cally balance all or part of the mass of the
donnecting medfit*fel ative to the crank axig, and, ' a respective third nass
#0 statically and/or dynam cally balance all or part of the mass of each
dai r of pistons relative to the crank axis. s Preferably the angle is 90.
Breferably the orbit is a circle and the third mass preterall y sfatically
dnd/ or dynani Rrefepatilzilelithe sestricsingmaenns pre grataincs ﬂ\f%’i e?ﬁ%n %3 i's not
2

d circle, the prbjectionas therayyinBeal seross sdetona sesagiongtibe ﬁ%ﬁ%ﬁéﬂs_ VT Fst
di rection. Thembigusde deaairiteressicring hemagloy bpt may exteod optehiéiidumer to a
40 bi sector ofpiheroetedthi ciRihapTie Hithirohs volumedht miay espasitianhé not
gnventi on thsf 298 ﬁffetée[ﬁﬂ-ﬁqﬁ?'&? WheliBhesent) may have nonrotary notion

he pgs on. Pre

sel ative to erably there is no rotary noti on what soever,
gxcept as all : | ' iR 1R eIk boldy @R thafy Gk Bae
f@irovi des a pi gr%%rfg?gﬂ%ﬁﬁ%g%%;gﬁ E%Ed%%n Bséﬁ%éﬂﬁﬁ %ﬁn ﬁgm@

Ao TEPTRH, aarisd HRVE R an axd %ﬁ bR ALESeflOUt
dhe nmin axi s; SRETRIRUSHS, iGN WO, aﬁfﬁ‘éﬁ'ﬁ‘#\?’ g\?ﬂ;ﬂ C@f RO Y on
gount ed for r et thepision hody. dReiTeStACERA MARSNgY 1§ 7 St ma%‘iugfmieﬁg’eﬁ?ston
Havi ng a zo icr oshiding hibes at reds sehish eptend isubatantially pesstielfiodhe RISIR &S gt | east

gne fol | ower | Winire thdaebmiesing theansimoheies tmulot ererguideomenbers; hepsgdee i ng
Hotion of the fREMS idybEtoddtd Smméticallpbt aymmetdediyrelative bythe/piten’s

®inear path, hay.0g.2icn8hEe! i N, between two end points; and at |east one
destricting nmeans for constraining the piston to nove along zs the piston

#Axis; wherein ?tefb%@ga;gfgﬁde%eﬁ@%ﬁ%%bﬁ&ﬂﬂﬂgcém&nﬁth@pism e thin a
0]

J; é(:ilo%xa on cross-sectional area projected al ong the
Hi ston axi s, bk Tocated on the centre |line between the two end

Hoi nts. The deyy h ' - Navi - , ith
P R e

Preferably, the device of the invention includes stabilising means engaging the .
connecting means to limit the connecting means to a single orientation as 1t orbits
20 the main axis.

The stabilising means may include the engagement of the connecting means with
the at least one piston. The stabilising means may include a separate linkage
pivotably mounted to both the connecting means and the crankcase.

The crank mechanism may be a simple crank with an offset big end bearing or it

25 may be a compound mechanism which provides for other than simple circular
motion of the big end bearing at a constant angular velocity. Examples of
compound crank mechanisms are disclosed in PCT International Patent
Application Nos. PCT/AU97/00030 and PCT/AU98/00287, the disclosures of
which are incorporated herein.

3 The invention, in another embodiment, includes a feature whereby the main axis of
the crank mechanism is movable along at least one path relative to the cylinder or
cylinders and the engagement means is configured such that the at least one piston
is neither substantially retarded or advanced.

Where the device includes pistons arranged in a 'V configuration the main axis of

35 the crank mechanism preferably moves along a linear path which bisects the
included angle of the V. Alternatively, the main axis of the crank mechanism may
move along an arc.
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PCT/ AU0GF 06231 Recei ved 25 July 2001 9asse~ The devi ce may hav&é’a@sl n Ie

4ol l ower which bears an both surfaces or it may have two follo 0381
#hi ch bears on one of the respective surfaces. ' Each pi stonl%ﬁ“?‘é{ﬁégﬁréhb 2001
jray have one p| ston or it my have two pistons. Wiere two pistons per
Bmrrangenent arg SBF ovi ded, preferably the at | east one follower is |ocated
el ow the pistons. The rrenber Is preferably a circular camhaving its
gentre offset fromthe crank axis. The device may have two or nore piston
#rrangenents for each nmenber. \Where two or nore pistons arrangenents for
pach menber arle auother denhodithent, theywosnedtioginmeans dava srBrpPiznassdacaisden or
-xtendl ng at adwa@ngtcethbcbggag@mkher Preferably there are two piston
Zrrangenents per offset nenber extending at 90 to each other. Were two

i ston arrangepRidrabl Xﬂﬁlﬁ‘hﬂ@m@lud@@at@uxﬁé@%etgbhwmmmebmmdbmud/m eferably
Ahere are prOV&ﬂEﬂﬁ AbhQURES ma8a6Hhe bortticeg anaaTetativelth e ook axis.

A rangenent s S The |nvent|on I n anot her broad form also provides:a

geotch yoke [l gl ge:ﬁﬁl‘ﬁr' Hﬁéﬁ"éﬁt‘i t?é@ﬂhaésn%iéﬂl fgethebinathatld havi ng

&N axi s whic or érounc | &Qﬁ%ﬁ nk;

;n | east one é Se%%{c’%ﬁ tgﬁgfeggém&%&ﬁﬁn mount e %

iem procal mt%ﬁﬁo‘?WéﬁeI@‘ Y %asﬁ Bwhich is in a pl ane
ubstantially erpendlcul o t he b| end axi,.s and t he, mmai

B ston having I @icdae aekedimRel te G P spagﬁasﬁ%}naﬁn?%%%segmgt

Bxis; and a scﬂxemnﬁgumt@mféhncwg@ngmﬁ@m EREAS RS RpREaRRERE neI

¥ ozs rail, aoCﬂﬁnﬂmlmandnafemﬂplstanmmmmmomm arail, the elenent

Fefining a longitudinal path, the big end reciprocating along the path

el ative to thm pigtharetiesdinent, twodeic lpsianlast etepaitaftpisions keckepainefit

sbei ng integral wdnts,ﬁak}ﬁx%%ﬁagmer e Edh ihefutaent it@a einghenhsngbithr in
Hreans; and A GRioHe PEAI AU  PCT/ AU0O0O/ 00281 Received 25 July 2001

Preferably the orbit is a circle, but it may be elliptical.
15 Preferably the motion of each of the pistons is simple harmonic motion.
The invention, in another broad form, also provides a fluid device, which includes:

a crank including a big end having an axis which orbits about a main axis
for the crank ;

connecting means mounted on the big end axis;

20 at least one pair of pistons, each piston being mounted for reciprocal
motion in a respective cylinder along a respective piston axis, the piston axes of
each pair being at 90° to each other, each piston engaging engagement means on
the connecting means;

wherein each pair of pistons has a mass the motion of which s equivalent
25 to a single mass orbiting in an orbit;

the centre of mass of the connecting means is located on or adjacent the
big end axis; and

the crank includes a counter weight located generally diametrically
opposite the big end and having a centre of mass remote from the crank axis, the
3 counter weight mcluding the equivalent of:

a first mass to statically and/or dynamically balance all or part of the
mass of the big end bearing relative to the crank axis;

AMENDED SHEZY
IPEA/AU



9zas.a~ restricting neans adapted to nove al ong a defined path and;to
@omstrain one or nore of the piston, the scotch yoke el enent andp@f%AUUOKm?81
fconnecting rod neans to nove along the defined path, charactef¢eseedi2s Juedoo;
#Jat | east part of the restricting neans is located s transversely of the

4 ongi tudi nal &< of the scotch yoke el eneht and within a projection of the
Qi ston cross-sectional area. In preferred enbodi nents, the scotch yoke

%l ement includes surfaces which extend substantially perpendicularly to the
# espective piston axis, as already di scussed. The restricting neans, which

J s also discussed Inars@caﬁaﬁﬁsmaamﬁylag%raymawbﬂmmimmofma

&Hbove, is inten axie the cylinder,
; gﬁ s prtﬁélcgﬂnx]i 5 %niéﬁm'&&hchg tﬁfh&aﬂk Dard)

ich can provi |gh terrperature is desirable to

i ntain the piston SaO Qn%?d?héﬁ@ﬂlﬂsal&ncesﬁy&fﬁdn
Lref erred enbodi ts o restrflé%:ttlpg qrq_h O%éhqﬁ gkikbed in connection
i th the draw ng® 9f &4 P e{)@%rp? PR e restricting nmeans
Hs located within r the footprbpt of the piston, netallic mass of the
%1 uid devi ce® i BrefRTAPlyithe@ngls 15WY]- be seen fromthe drawings, in some

senbodi nents, the restricting, neans is_ for i N paiJs, .a ne.drawn from
$ne nmenber to Preferablydthe orbif i @ ﬁ‘i" dgg‘gnﬁéf?)’?ﬁmﬁ%ﬁc?j&y ‘(j:(g

, ongi t udi nal pdyﬂam1bmllpbhhnc®rtb©maﬁ%ﬂff§lepﬁﬁ@sr estricting neans includes
nbers which are |located on either side of the Iongltudl nal zo but
iransversely, Witerptiepabitiis nbta tiycle, Tthe thiskmassoney jalaaesih Sﬁgth?dﬁﬁf’%l to
s he bl ock W t hina fikg deetion. THe ﬁ:ﬁtdlke!:upnsﬁpmferabiy@amﬂnlmmdmdmsﬁo,@e of

4 he device Qf bLiABcbPYLRId ABs of BachRiMEFpite@ad form the invention al so
&ohrovi des a fluid device, which includes a crank including a big end having

in axis which mffémib@%ewahana& RHnSotingaRBAG! (When PRRaSt) puyHasd non- t he
$ig end axis; 28R\ toHle BRUA @geféﬁm 6575 86 btatiPirioliBni N 2

$2yl i nder al ong i s?on axi| necti ng means interconnecting
Hhe at |east oﬁ“g’a Yon ?S%ep\ﬁﬁﬁﬁl?vﬁ%dﬁ%ﬁlﬁ%‘%‘g%g neans; and neans for

tdj usting the si,tion, of.the. ate co ryel-at i o the
ht | east one pi&gﬁﬁﬁ o i 25 %’f‘? HERSY ﬁgﬁlﬁggﬁqﬁr}eﬁ%ggﬁgwﬁﬁ

dj usti ng nd§y i“ifé‘l“if‘é'e a slot, groove or surface which engages t he

nt er medi at e connecti ng neans, AMENDED .Sr = /AUO 0281
ecei ved 25 July 2001@5@&%@&%@%&@%@%@%@% ?fglaﬁf}”&aé‘r abl 'y

ngage in or with guigde 4 at Ieast one plstonlnthe

yI i nder. Preferabl y%ﬁbﬁgi%éﬁo &‘gjd&és%g"ngglsﬁcl udes the gui de nmeans, but
he gui de nmeans may be separate. The nmeans for adjusting may be rmvabl e
ransversely or | ongi humaﬁaide)pmeﬂxatraﬂgnnemthahhgatgelastmrpm«m mogntedden. The

ui de nmeans may be rotatable about an a The ans_.for adj us y

-, nclude a linear, si ﬁ%ﬂlE"OFﬁ]diﬂB%O%B’r@/ ﬂlﬁ'f’gl ﬂﬁ@i“ ’ctE}F b%mj‘ Iggga

Y§r ooves, sur acel s or e{.&h %] ahgxigay include sliding
@Hr rolling czfgnt act ne gr%sel: Ac%gle%r-gggg’ girc{r%lgns&?&ﬂ&adj usting. The.neans for
#mdj usting may be novable to change the effective stroke of the io pistons,
#he effective conpresat hastate folloWet lueatdd betveeenrthe tnembesind tha/pistome fosat h

; 1-: of loved by the pist ons tQ ! z?g :(1:1%?12:1 g?h{eorgezg eratg){hé) {Jls:c[og,e f%ﬁgwer 1%c1procahng

along a linear path, having a centre line, between two end points; and
at least one restricting means for constraining the piston to move along
£ the piston axis;

wherein at least part of each restricting means is located within 2 volu.mc
defined by the piston cross-sectional area projected along the piston axis,
but is not located on the centre line between the two end points.

The device may have each piston assembly having two surfaces with the offset
30 member bearing on one surface and the follower bearing on the other surface.
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I n anot:her enbodi nent, the device of the invention includes neans_for
Jadjusting the di stance between the piston and the engagenent meg d/ATBR/00281
dnmeans far adjusting in this aspect of the invention may incl Baeeiyed 25 July 2001
jconpressi bl e ]95 COlneCtlng TQd. Above is described how a fluid device may
qbe fully or subSt%ntially statically or dyfanically bal anced or both about
Jthe crank axis. It will be appreciated that the additional mass of the
frestricting means may be bal anced as descri bed above. It will also be
appreci ated that whil st balancing of pistons nounted on a single crank zo

zi s the norm LEhedsiicgmaf havelesingte fullovepivhichizarsommbath surfacsspaithey hae:

ends i s possi iwe folloixkes, khch eMwhichntRa@aXdn2l of thiR¥pective stifsedspsed devi ces

in which piston notion is achieved by sliders nmounted on big ends and in

which two or nibich piktohQRSnERMeRan P casheHiston 6 1t Gy dvied®®d Pstbne FLOf

§whi ch noves a'@%@m’ﬁ%@f&;& t 42 (B HhlrabRPHBAE RASCoRAGTIoRESTOD | S

not directly, Gg 8%@&&&3& 01§§ er pirston, “there’s a tendency for the
In e cC n

A o
3pi stons to rotare €rs about an axis generally parallel the

gcrank axis. Thiss. can. ead tg structive failure, of th vi ce.. Provi di ng
 stetios B Lot g e A R T e R
%rotation, and #¥$s has been di scl osed above. In sone enbodi nents, the
arestricting rre_ﬁg‘is li.es so_above the swept volune of the crank shaft and big
f‘gend. The rest r 8 feNjcomandare five F Biose BEICRRAITREEMERLS Joi $a60 MPBPHs of t he

dcycle they extend into the projection of the area swept by the crank and
asiider. This r%mgvcrﬁrmmp@lt@éﬁﬁaegew%m atei pEded dbecmay ok e
%t ype pi st on1d | igciprocett alvag pisten asksrextending attaaplayglado nadvother. Prefetobly thent of
®a crank, whi charetolistal atthn@ern@iis pévd et bt exteniding anS0Torath atheed t o
nove along a linear slot in the piston assenbly which is generally

Aper pendi cul ar %c}@gﬁ;gzgs% ' mm%&@atbbet&éﬁﬂ%ﬁ@t&ﬁﬁdﬂe pi ston
; ,

e S Ll [, AR b i,

PCT/ AUO0/ 00251, Recel
pi ston devi ces IR ar slot.is positioned on the cylinder axis and so
Fthat at top d centr.e t.he Dbj nd.lJes between the pist n he main
Jaxis. The peseiiﬁiﬁwﬁeéﬂmﬁneﬁv%aﬁ@édfa%&% H50ae A RerR yaRe 08 Ve
%confi gur at i ons™RHBdRCRAgEhart fromthis standard. In a further enbodi nent

gof the invention, at top dead centre, the main axjs ligs hetween, the piston
#Zand the big end axis.2F ,mglﬂd-@gfae@g,eniig“a‘(lﬁé @éﬁ@r‘@@cgprblﬁ@rﬂmﬁn%l‘ﬁ

Fanot her enbodi nent t i i.S .l | ocat.ed on. the or any of the at

&l east one ~o cylindey axe%&agﬁéﬁgkgsbfﬁg?he\/ﬁgﬁgthe or one of the pistons is
zsat top or bottom dead centre a line joining the main and big end axes is
Hparal l el to and spacesh leasironkpsstor apeadement epidhrideladesci s of the one pi ston.
Usual ly in scotch yoke engi nes or punps two opposed pistons are rigidly ~s

sconnect ed t oget her about a yoke, slider, .which.is ratatably noupnted.on a
o0 o of Ber nck, o p Hisen aaied tor moireRi MRioRdn 8 cy BpRt s SRS

g;sﬁLstﬁz: oot T PR A RN IR o

Mparts to be utilisedman duis,|the pistddievimgkecesssstibyal aftewhichdsptpemdipulbe a
wWsplit generally axially or transversely relative to zo the cylinder axis.

I n preferred forns ti9<hepiFber @86 d5dki ng conponents required is reduced

#whi | st allowing for sinple manufacture of the conponents. In one broad form

o

't he invention provideg sg,RkBrEsRAEA ¥hdseh ﬁ%n?ﬁ@??&;;y&ﬁﬁ%ﬁéiﬂga%ﬁﬁélﬁe“ ce
Fhavi ng opposed pistons reciprocating in opposed Cyli'nders having parallel
gcyl i nder axes, the ymileaabsmekeyd avaihtedibroand hbotevandp milothe elamerit defiv@izng

zs an engagenent portjon . far receiying an, engagenent. nmenper rotatabl
#npunted on a big end® iﬂﬂ%m Ratghé*ﬁbl%ﬁ%ﬁ Fﬁlpﬁ?ﬂaéﬁgﬁ}@gggﬁﬁgéﬁ%ﬁ’?v‘?@wg

#reci procates as the G i ?%P ] i id-+h Nt O
@two parts. The enga ﬁ@%ﬁ’eﬁ)‘g&%@ﬁ“ @%&Eg%?? a %%%&gga%gtnlg& %e I%/rltﬁ
Hparallel to the cyliheeistdX6f cHrinedtadthtercdfnebiccin® fidPRRahE vh@r to the

i

@cyl i nder axes.
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30 The two parts may be identical or may be dissimlar. Prefera

gl Xi ngs are required to securely hold the two parts together bILé{T&%(}/O/OO’SI
ingagenent portion preferably includes two opposed channel s* |% WeEI%StJHb 2001
gngagement mearsgsseci procat es- Each of the rghannel s may be defined by only
gne of the parts or both parts may define part of each channel.

a~' VAEI ~| DED SHcl| PEA/ AU PcTi AUaoi 002 s 1 Received 25 July 200l nas.a 11

pr ef er abl y, where identical parts only define all or part of one channel

gach, each part incl u S_which ext nd and engage .t he ot her part. These
fegs may be located at ‘FS@&%&?P&? oreovaalang p defiredpeth pad tacenstrager al

§i de; the same end bléhe%?&ﬂﬁéb?tﬂe%ﬁﬁﬁllﬂl anna?%lﬁ:rgﬁ'@(ré%moﬁ@%%m opaggsrﬂ';;ﬁl g

pnds and opposite | ateral sides of
ay hold two | egs, omeabsto sweh apmgtthe defiaddipugous! y. Wiere non-identi cal
warts are utilised, one part nay have two or nore spaced apart |egs Located

@dj acent the channel d the orfher part may have no | egs or one |eg
#dj acent the channel aﬂ%‘aﬁe@%{ 3t dsqet parhel tieecyimetingoneans is kusatids of

#he channel But a SWW%DWIQ@W&W thelpanteinyokteredeméetung witin a

#id-point. In this msmmﬁthnpistm answsectionalaiedpass through the

&ngagenent portion. It is found that the decoupl ed, paired pistons, scotch

yoke devi ces ofln phiferred embodimenmsy thde:codd ﬁfk@%ﬁbrﬁﬁitﬁ@cﬂﬁnﬂéé shffaé&aﬁrml:ﬁﬁxféﬁgt re

df mass of the substantipliyepdrperficult®y to5th DEpBE*d f1Stof 2&1RKas £ gdistc
e cr

2heir nenbers, and any interconnecting nehbers betmeen t I'g end

fnd the pi st onSherrestHibaisg @At Whish etdlmtahseétﬂ]n% 'S as
1 he device rremgggﬁvéﬁ %b%gé %fnt@t{&dtgginé)s}rﬁ ae‘%‘ﬁ‘ﬂ‘r Ql}@ﬂipf%yc EQ tﬂ\%palr
Hf pistons arra §

Hds &

g bi g
£nd axis may b ﬁf{ 55

flecrees to zo Réﬁﬂgaxﬁr ﬁﬁV@'ﬂlee
jﬁerfectly bal aff Bd’('%q’lt‘hﬁﬁéwTﬁmgr@mmrﬁbmﬂadmmmmwmhmy be set

An engi nedravangs.sltovilbbeapporiatgd et iwden tiratestriting heans sdocR6d dediees
y be bal aneethegtiobipeinty ofthewidtbn, rdthBicinss RE tacia\dRdichbYs sfitdisddng t he

t g end so that there are two big end axes per pair of reciprocating
frasses, ie, pi gisomdl beTMntﬁf&nlﬂhegdﬁﬁu dih svneserabediaR | &E'ré’stﬂb&m ﬁ%&i}s 1§r0m
bne anot her ab@éﬁnédhﬁpﬁls'&naﬁ'lﬁxccﬁé&rﬁ &H?éﬁéhﬁ b@ thtfhe

g nvention shal je ) l{g@eer% &o ﬁ}’@ﬂ%@rsw
Hescription of H&i[a%r 1 ven %8@365{ ﬁmonﬁ%ﬁi

ross-secti Qpat Vi ew o ft
Figure 2 is“a 'étrmlve?ﬁya%ﬁ ?U&e vr ew of the Figure 1 device.
a three n flui.d device accordrng to

3 t f
fgihg“{ vent i on. 1BF v : Viﬁ%%éswla%ysﬁanwm e Blowk it fredorent of teic

g nvention. as PiSHm @Wﬁgﬁmﬁmftbedamg/ob@pw@mpne view of a fourth

fenbodi nrent of the invention. F, MENDED SH-c. 4PEA/ AU
g In another broad form, the invention also provides a fluid device, which includes:

a crank including a big end having an axis which orbits about a main

Fio e R

25 axis;

AT

connecting means mounted on the big end axis;

at least one piston mounted for reciprocal motion in a cylinder along a
piston axis;

AT AN

intermediate connecting neans interconnecting the at least one piston
: 30 with the connecting means; and

means for adjusting the position of the intermediate connecting means
relative to the at least one piston or the connecting means or both.

PASCTIRE

The means for adjusting may include a slot, groove or surface which engages the
mtermediate cormecting means.
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Pc' Ti auooi 002s 1 Received 25 .luly 2001 szaa.aa 12 Figure 6 sho
X/T?W“’bf a connecting device of the fig 5 device. Figure 7 sh%:'geﬁ;ng?&goz&
erspective view of the fig 6 device. Figure 8 shows an end-view odf yluly 2001
yvariation of t dFi gure 1 enbodi nent. Figure 9 shows a perspective view of
B fifth embodi ment of the invention. Fi gure9 10 shows an end view of the
Figure 9 enbodinent. Figure 11 shows an end view of a sixth enbodi nent of
jhe invention. Figure 12 shows an end view of a seventh enbodi nent of the
nvention. Figure 13 shows an end view of a eighth enbodi npnt, of the
jnvention. Fi glheintermediategontrsiingan¢ans prefemblyngags Bher With ghidegugage to
surfaces of thsbilise theeattleasnofépigtoneia tBScylidieR Préfavably thermmeansder adjusting’
Tigure 29 showmciudésthé uiae aicass, & g SR mehnd Mgy bevemiraten, i ncl udi ng
festricting neans. Figure 30 is a schematic layout of a V-twi n engine
qaccording to tirge iniuARE FbOMlljusiRg sl POmioPahlE hahivasselfpanngitadifallyfebftivd ot O
$9 are axial s ChasSIRAE! LANG; bOHOYAD eficRinteaflthad M rBmRak BRA: ol

onnecting neans accordi ng ent’i on. gure 40 has been del et ed.

groures 4110 the AN EH IR IIAICAIS odinchd SirBARANS Aty Rk BAR b
Zonnecting nmeans aa 1€, Engagene )"rearé?sﬁ% e%g-m&ﬂaxe%?eaﬁkgiékﬁl and
£9 show end vi 89%; TS PORE Rt T3 % yERE eng¥ne aceor g 6% he
dnvention. Fi g8tdagss raliassentarmembersdpicreasedie meaey fEASIEws of furt her
i&n‘oodi nments. Figure S2 shows an end. view of a further &rrbodi ment P t he
nvention. zs Fh§meansforaiysingmenbe Hovablsito shangethepesiys FHE_?IP t he
nvention. Ppggistors3thsaffastive comprassiowraio of thadeviee or Hisqunsiiontiree Pathe
nvention. Fi gfisliodd b thepistoneorla vombination of emyt fthe fodegdingent of t he
Fnvention. Figure SS has been del eted. AMENDED SHE. | PEA/ AU  Pcri aUOG ooi s

\ Received 2%n dtdtheP88bodihrat ehe d8vité glithe imentibm wehadgsensye do1 adpustingw of

further enboghd®Rfanes biReh BEHEiRAndthOsiRgtrficatB¥Esa perspective view
f a further enbodi ment of the invention. Figure 57a is a top view of the

%”b()di ment of Aiguh&ms for fcﬁﬁéﬁzﬁr iﬁ&hﬁ"&%&t BPaRNEveHHRY iy cfudetah®Epressible
_. 0

4

rd

4,

#nbodi nent of t ! . Figures and 60 show per'spective views of

he fire 58 ngnﬁog?%%{i—‘i gure gl shows a perspecti vg Vi gw of a further

g mbodi ment - of tABeovjeqX 8045294 how a fluid device may be fully or substantially statically or

: dynamically balanced or both about the crank axis. It will be appreciated that the

; additional mass of the restricting means may be balanced as described above. It
will also be appreciated that whilst balancing of pistons mounted on a single crank

' 20 is the norm, balancing of a device with pistons mounted on separate big ends is

possible if the big ends are coaxial.

M

Above are disclosed devices in which piston motion is achieved by sliders mounted
on big ends and in which two or more pistons may be mounted on a single slider
but each of which moves along a separate path to each other.

25 Because each piston is not directly connected to any other piston, there is a
tendency for the pistons to rotate in the cylinders about an axis generally parallel
the crank axis. This can lead to destructive failure of the device. Providing
restricting means, extending parallel to the cylinder axis, prevents such rotation,
and this has been disclosed above. In some embodiments, the restricting means lies

3 above the swept volume of the crank shaft and big end. The restricting means can
be placed so that at various parts of the cycle they extend into the projection of the
area swept by the crank and slider. This results in a more compact device.

In conventional scotch yoke type piston fluid machines a shder is rotatably
mounted on the big end of a crank, which orbits about a main axis. The slider is

35 constrained to move along a linear slot in the piston assembly which is generally
perpendicular to the cylinder axis. Thus, as the crank rotates, the piston is caused to
reciprocate along the cylinder.
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=0 Figure 62 shows an end view of the figure 61 enbodi ment. Fi M%Lﬁ%/&(ﬁm
368 show end views of further enbodi ments of the invention. Fkgdéﬁ%&ﬁ%ufyozom
78, 78a and 79 to 80 show end views of a slider arrangenents used in

enbodi ments ofgdhe invention. Figure 81 isl@ perspective view of a piston
dgmade according to the invention. as Figure 82 is a perspective view of the
AFigure .81 piston taken froma different angle. Figure 83 is a perspective
yview of a fluid device incorporating the piston of Figures 81 and 82.

gFigure 84 is detail ed view of, a portion of the device.of ,Figure 83

#Figures 85 to MHM@@E§H§°BI%WW?:%%£W§]8HS&P§‘ &R&Hﬁgﬂ@der

ccording to taes padenthapat topidgad eentreothe g arblieshely {Pisten gndthe myfixt o

& urt her pistoreximde according to the invention. Figures 130 to 132 show

9 sonetric views of a further piston nade according 2s to the invention.

3Fi gures 133 t oTHSfrestuhinvamivatcréatesvarivas abve ahd inveative cenfiguratiehs witcior di ng

%o the I nvery | @dparfframiridi slaa@atdd 138 show isometric views of a further

#pi ston made according to the invention. ~o Figures 139 to 141 show i soneric

Wi ews of a furld\efuriies bRibotRet 3SR flvBftid0at 138 deatl etitieOthe AMBNGRTiGHEA:

3 PEA/ AU qubé@&&%e%ﬁnﬁ&?ﬁ@?l d?a'iis‘].m y 2001 s~as.ao~ 14 Figures 142
ews of a fart

# 0 144 show i sonetri c- er piston nade according to the

A nvention. Fi gﬁﬁl‘isiﬂéfﬁqéﬁﬁﬁéﬁgg%k%%ﬁ%c views of a further piston nade
ention. Fi

Faccording to the inv gures 0 150 show i sonetric views of a

& urther piston ccaor di-ng .t i.ns ' ' |
M sometric vie n%}%%é feiﬁatf%é[?g%tl tg? %&rﬁaaﬁé?gé‘%tgg%@g%%ﬁﬁéﬁ ?ﬁgg%eﬁigenagpgﬂ
o i gures 154 o*HBKITAZES: i sonetric views of a further piston made according
¥-0 to the inveption, Figures 157 to.159.show isonetyigc vi of _a further
Di'ston made. acBiSTIPRY. FOSRRGE Prns L Be Pty mtstoaebﬁ?‘%or%@%ﬁ%%%m c
Li ews of a furieingghemsin sblicsad axes isgparallel tpeand spaerd fpm the respgiiives 163
3t o 165 show i soylitder exisiofitlss arfe pisfour t her pi ston made according to the
4 nvention. Figure 166 to 168 show i sometric views of a further piston nade
=accordi ng to tbeualiwindcotih. yoke engines or pumps two opposed pistons are rigidly
15 connected together about a yoke. A slider, which is rotatably mounted on a big end

of a crank, slides within the yoke and causes the pistons to reciprocate.

The present invention aims to provide improved yoke constructions, which allows,
in preferred forms, for two identical parts to be utilised to build up the yoke
assembly. The assembly may be a split generally axially or transversely relative to

20 the cylinder axis. In preferred forms the number of fixing components required is
reduced whilst allowing for simple manufacture of the components.

Fag

In one broad form the invention provides a yoke assembly for a scotch yoke type
fluid device having opposed pistons reciprocating in opposed cylinders having
parallel cylinder axes, the yoke assembly mounted on'the two pistons and including

25 an engagement portion for receiving an engagement member rotatably mounted on
a big end of a crank shaft and in which the engagement means reciprocates as the
crank rotates, said engagement portion being split into two parts.

SR LA TGE L ETS

The engagement portion may be split along a plane generally parallel to the
cylinder axes or a plane generally perpendicular to the cylinder axes.

30 The two parts may be identical or may be dissimilar.
Preferably only two fixings are required to securely hold the two parts together.

The engagement portion preferably includes two opposed channels in which the
engagement means reciprocates. Each of the channels may be defined by only one
of the pasts or both parts may define part of each charmel.
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Eigure 169 to 171 show i sometric views of a further piston nmadePEr/eardisiss
jzo to the invention. Figures 172 to 174 show isonetric vi ewspQkivad 29LRS00;
ipi ston made according to the invention. Figures 175 to 177-show i sonetric
jviews of a furgfigL pi ston made according t? the invention. zs Figures 178
Jto 180 show isonetric views of a further pi %ton made according to the

I nvention. Figures | 81 to 183 show isonetric views of a feather piston
made according to the invention. Figures 184 to 186 show i sonetric views of
a further pistgn_made accordjn o to the, inveption. Eigures 187 to 189
Sshow i sonetric '?ﬁle@P"(i"&W Lﬂ@ﬁ%ﬂipﬁ‘f‘%?%lﬁdﬁﬁ&@ @Eﬁﬁﬁioﬁ#‘;:ﬁhw&??aﬁs}e‘?ﬂcgon.

3Al f E~| DED SHE_PartEichules legstwhioh ereod gnd engagedhe etheppary olngs mgychen~ 15
FFi gures 190 t olot82dsh oppositenmids iof thei chasna husofi the dame lptesad sidentivsameenddi ng
0 the inventi bt opp Berh D dePofBS chdime] bsopprisitt endsiandsoppbsite aterdlitides

ipi ston made ac i neT- fi:hi ' CoRYor eahipaenal
iew of a fu?t Epﬁ;]é%‘ggéjll Wﬁgb@l@ ﬁﬁhﬁ%@ﬂo@@ﬁ@le?& S amﬂaﬂr’]

; Fnvention.” Figure
ross-sectional VI Ew " further enbodi mrent of the invention. Figure |98

S @ Cross-secyy r‘?—' 4 UL BRI RRALEE AayHavt BFo bPrd Bt?gpart
o 19 1< e B el e

@& he invention. adggcq:qtg]mghmgl.i s a cross-sectional view of a further
Yenbodi nent of the invention. Figure 202 is a cross-segéi onal \Vview of  a
Further enbodi Resierebly.thelagsveniorand aithg gpds obtheichannet byasingledeHmay bgi ew
pf a further epbutiomehadietert e dannel\ad atniidrpoin. Juthis @pamiction the crank

ross-sectionabanﬂwfyaﬁth@odgﬂmbeﬁg@ﬂbﬂdhg@ﬁbnof the invention. Figure 205
M s a cross-sectional new of a further enbodi nent of the invention. 2s

ZFigure 206 is R isfaaad GREHtebuplb®Waitd pisteti/s, kestck ybledidewmads offthis evention
g nvention. Fi giag 1alhiecd fekfeSdy BOthhi @RRkni BmAls &F ool pFRQditaent  of
3 Pe t 'hgvggt | ﬁg-ee{f 'ggr( 2t hépiloRs Snd Bl MBAbe! S £ ifteknhb&ingAbRdLAENt
5 betwean the cranks big end and the pistons) remains exactly stationary and centred

on the main axis as the device members rotate, orbit and reciprocate through its

cycle. A pair of pistons arranged at 90 degrees to each other and sharing the same

big end axis may be perfectly balanced. A pair of pistons arranged at 90 degrees to
20 each other and having coaxial big ends, similarly may be perfectly balanced

(although in this erubodiment a rocking couple may be set up).

An engine that is of a V configuration that is other than 90 degrees may be

balanced perfectly as well, This may be achieved by splitting the big end so that

there are two big end axes per pair of reciprocating masses, ie, pistons. The two big
% ends axes are angularly displaced from one another about the main axis.

Brief Description of the Drawings

The invention shall be better understood from the following, non-limiting
description of preferred forms of the invention, in which:

Figure 1 is a cross-sectional view of a fluid device according to the
30 invention.

Figure 2 is a partial cutaway perspective view of the Figure 1 device.

Figure 3 is a perspective view of a three piston fluid device according to the
invention.

Figure 4 shows an end view of a third embodiment of the invention.

35 Figure 5 shows a partial cutaway perspective view of a fourth embodiment
of the mvention.
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Cigure 209 is a cross-sectional view of the figure 208 enbodi menPCT/AE00/0023 ]

i

Recei ved 25 July 2001 9288.dac 16 Figure 210 is an end view of an

Hifferent position. AVENDED SHE. | PEAI AtJ . . TRadeNDA5 QARSI 00 |

£nbodi nent of Rkewd Nvention at a first posigyd on during its cycle. Figures

11 to 213 are end views of the enbodi nent of Figure 210 at different
tages of its cycle. Figure 214 shows a perspective view of the enbodi nent

of Figure 210. Figure 215 is an expanded view of part of Figure 214. Figure
®16 shows a view of .the Figure 210 .epbodi.nent tak i t0 one of
d he cylinder axes aﬁ%“ﬁgsﬁ%ﬂ“ﬁr?nc%‘pr %%855i%%nﬁcgngca?ﬁgémggg%dﬁ:‘%g%?é‘gfor one
®f the pistons. ,o0 '.gure?%‘g shows .a..vi e.\/onff hg Qdiment simlar td

hat of Figure 216 t B’S&éa“'aspceém"?&e Iffgth? BXETS an axial end view
#f a further enbodi gent qf .the invention, Figure 2 ' n,axi,al,.end vi ew
$f a further enbodi Jagire grshos aﬁﬁ?@ﬁ??‘ﬁﬁ?aﬂ ﬁ?@%ége? 1 eREodimeRt- vi ew
#f a turther enbodi nent of .the inventi,on;,,s Fi e 221.is ap,axial end
Fiew of a further ekBHHEPFHOWSR REEPCEVR IO ;a%gpﬁoéﬁ £
#iew of a further enbodi ment of the invention. Fiqure 223 shows an end view
#f a further Senbodi FégHred0 shawsiapeadviem of therFigeesrd gyb fonponents are
Mmtted. Figure 224 js a perspective view of the Figure 1_enhodi nent. zo
&i gure 225 shows an Fégwrddeshopsmssadien of p sixtormb t of theipvsatieoant .
#igure 226 shows a perspective view of a further enbodi nent of the
dinvention. Figure 2FigukoRsshawsanspdoiew of ¢iseventh embodimentef Gathovinfient of
f#he invention. zs Figure 228 shows an expl oded perspective view of the

i gure 227 enbodi nedtigusi Pshewz2a aldoisw af aeightl pahodimenthef theduyantipn7
@nbodi ment. Figures 230 to 233 show perspective conceptual views of various

nt of the mysutioneng

oke constructions. Figuesddre 223Uowanous sanfiguritions iof thecguide snfacks of the a

Bai r of splito big erideentMFNERSEE and 2 PEASbben cancelled).

Figure 29 shows a V-twin engine embodiment of the invention, including
restricting means.

Figure 30 is a schematic layout of a V-twin engine according to the
invention, including restricting means.

15 Figures 31 to 39 are axial cross-sections through a big end and embodiments
of a conmecting means according to the invention.

Figure 40 has been deleted.

Figures 41 to 47 show further variations of the connection between the
connecting means and the engagement meass of the piston.

20 Figures 48 and 49 show end views of embodiments of a scotch yoke engine
according to the invention.

Figures 50 and 51 are schematic cross-sectional views of further
embodiments.

Figure 52 shows an end view of a further embodiment of the invention.

25 Figure 52 shows an end view of a further embodiment of the invention.
Figure 53 shows an end view of a further embodiment of the invention.
Figure 54 shows an end view of a further embodiment of the invention.
Figure 55 has been deleted.
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. _ PCI/AWO0/OG_.1 Received 25 July 2001 9zas.~ 17 Fi gurBCTZAY00R00RR1
end view of a V scotch yoke device according to the inventiduwWhaﬁzﬁmu%h%01
bi g ends are coaxial and the pistons are disposed for, reciprocation af 75

gdegrees to eacF®¢Fher about the main axis.iFigure 236 is an end view of a V
scotch yoke device according to the invention wherein the pistons are

#di sposed for reciprocation at 90 degrees to each other about the main axis.
gFigure 237 is an end view of a V scotch yoke device according to the

i nvention wherein tHguRI SY Howsa RersicRPS Olw (a RBEPEABAihRAL 8¢ h120 degr ees
@t o each other aboutipiipigppi N axi's. ~o Figure 238 is a perspective view of a
connecting rod designed to be attached to a single piston assenbly. Figure

4239 is a perspecti g\ f ' - Dl aned.to be
%attached to the conp e%r?g&rogg %Q%BSH€%§%%%%$M?Q§PW out the
4l nvention ~s Referrin 3" Fi gures 1 and 2 there is showmn a fluid device 10

qwhi ch includes a chank é.}? mount ed. f or t{:lota i on about a C£_fnk axis 14. The
dcrank 12 has an of FeBF A AR, the s@ HPLYIZHEE P f-om t he axis i 4.

gThus as the crank rotates about axis 14, pin 16 wll describe a circul ar
dorbit around axis ]1[:42131’1'[50"168 MSW%%OgﬁﬂﬁgWPﬁgo\égmﬁﬂi@ the igventioger | 8.
{%The slider has tvvo'#.(g)lg%usg 23, zp 22. The slider 18 extends generally
3perpendi cul ar to t HéSEXP 97 #BCRASPSW Rerwestbyrgiews ekthsifiguge A8 eaibodinpental | el

7

3to the axis 14. As hest seen in Figure 2 the sliding surfaces extend
daxially on either $iH&e4 iﬁ@’smméﬁﬁ'dﬁmacﬁmhﬁéemwmmﬁthmd so form
#a T-shaped construdeY@onzs Each of the tongues 20, 22 engages in a

4 T-shaped sl ot 30 of a respective piston 32. Each piston is nmounted in a
icylinder 34%%nd cordguzitlehomsanlendedew nbtherfigute 41 embodintenspect i ve cyl i nder
daxis 36. Each slot 30 preferably extends substantially perpendicular to the
Ycylinder axis 36 adigwes 68ds68ishoetend vawsyoffanhasnitvdirents betiefintdgionl st on.
4Bot h ends of the slot 30 are open. The slider 18 can thus nove sideways so
jrelative to the pi dligureb6f tori8)7Sumnnd 7o B0lshowient vidves of Séloder atrafgnivais 36.
Were the slot 30 deedinahbedkbRit cfithdfhvkRtdde pi ston axis 36, sideways
-f%m)vement of the tongue 20 or 22 relative to the piston 32 wll cause axi al

inotion of the pist@gad. 81 bh RSy ; Pt ;
. pi st @ _ W@v:_@@%ﬁa?ﬁ@@ﬁﬁ@é a&émgg th B iRbedtdR

4piston 32 beyond a pure sinu notion. Ss The piston I's constrained

dto nove alomg its (& 8285 h perPe@t ASw TehLE; A2k RLIES, slider 18

jdrotates about the %ﬁﬁwe 14° The motion ﬁ&g%c%ﬁ?lgﬁgue 20%&%5 has a

gconponent parallel to the espective piston axis 36 and a conponent AMENDt ~

4 SHE. | PEAIAU  PCT/AALRQ/ i A .

%per pendi cul ar to tﬁzﬁgggggg%t?gggﬁ %ﬁ%ﬁﬂeé%ﬁé%@ a%ﬁ%%,&%?ap@?ﬁgﬁgls@ of
resp

Rreciprocate in their "cylinders 34 with the tongues 20, 22
3sliding sideways inR.theid, .re ti.ve slpts 30. e conbi .ion qof the
21inear novenent of @:tl%lger%aﬁg 4 XY A aP%%ﬁﬂé’}:g?ﬁ&qu Iﬁ%reé%ot 30
dmaintains the slides 18 a stant .or.i,enfation as the crank rofates,
¥irrespecti vzg of ot ﬁ‘réglﬂgig&;fg "t’_HEd%'WG‘E)BfaH'é’FﬁW%‘P FTYF @1stonsT are
provi ded two pi st ofEcFngtodhe mvgnerh ot her: but since the slider 18
maintains its orie%tation as it orbits the crank axis 14, the angle bhetween
the pistons 32 may TBSHIEs hef tq hathshoy isomeinia Yigws 9f a figther pisteromederesropding
added. Figure 3 sh&vﬂ!ednﬁmtmecti ve view of a three piston device. For
clarity the cylinder to and crank east assenblies are omtted. As can be
seen, the device 1¥deureel3Rites13R shosnisomeRioniews af dhathiengispimmadsamordingi ng
bet ween welrs 117. Ththednpemtioans are arranged equal |y about the crank 112 at
|20 to each other. Mounted on the bearing pin 116 is a triple tongue
device 118. This d&igures d/tdokS3 Sshoni isamytriviviews of £figther bistB/mhdEhdtdpiibfr ee
separ at e conmponent $ tHeuat&@tigen the pin 116. As ~s seen, each piston is
provided with a T-shaped slot 130 into which the respective tongue 120
engages. The pi st OBnaee1 3toA] 1sHRW S6inebittview Bféjﬁﬁ‘gicfgistc;ﬂﬁ%é?ﬁ%opﬁnén a
common pl ane BecaugPuRadtPeftfont N€ Pistons i's decouple om any ot her

pi ston, the orientation and position of the pistons may be chosen as

desired. Thgre is ' . xtend radial ly f.rom
t he crank ggi S. Thgpﬁggsnggle‘g%gj %@%%%féﬁ%ﬂ%%%@g hi s
axi s nmay be r enot '3 PSHYFHO8r ank axis. The pi ston axes may be parallel and
spaced tom each other on either side of the crank axis. Figure 4 shows a
fluid device 50 having a crank 52 AMENBEh§HEEOuUt crank axis 54. A slider

mechani sm 57 is mai ntai ned on a beari FEAN 56 and bas two ants 58, 60
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.M‘Q$Lgﬁ‘extend hori zontal ly and engage in slots 62, 64 respect PCsl/xXU0b/0023]
PSEBHSE66—66- Each of the pistons 66, 68 reciprocates in aRdsavedPanperas
: . g §2861
cylinder 70, 72. The cylinders 70, 72 are closed at both ends and thus
¢onbusti on chanbers 74 are defined between_the pistons and the ends of the
ylinders. Rot &%%n of the crank 52 causes fhe pi stons 66, 68 to
eci procate vertically wwthin 30 the cylinders 70, 72 with the arns 58, 60
goving si deways relative to the pistons 66, 68. Referring to Figures 5to 7
Ehere is shown a reciprocating piston device 210 haying two pistons 232
eci procating in reéﬁgnttW62cy1¢hﬂ®W%EQ@mﬁﬁﬁﬂgﬁs?%ﬂﬁ%ﬁ%’BFﬁ@?@ RGATERE i ng
evi ce 218 connect thehd wepii.ons to big end pin 216 of crankshaft ss’212
ia tongues 220 and slots 230 in the pistons 232. The conpecting device 218
as two webs 240, omRgfres 18feh 147 sttosnisombtrixtviewsobd fusther pisten mgds aqcarding t o
#ach other. This al kows fnhentdst ons 232 to overlap each other and so be
rought closer to the crank axis 214. Lubrication ducts 242 are provided to
gupply pressurised qibybt QR tHesPibeREmREL Adks bPa filrthes bisthmgadeisdcacding of
Hhe tongues 220 anddéﬁﬁgﬁ“%ﬁg AYt ENDE~ SHE. | PA/ AU  PCT/ AUOO/ 00281 -
Received 25 July 20 Szas. a Tb The connecting device 218 includes a
gount er wei ght 244 ex : ! . b retisdr dested mhieadtogdigad
B n 216 to tongues L&E%?§2q¥@ﬁggﬁﬁ%m§§§ e gﬁﬁgg% the two webs 240. 3 is

34

dounter wei ght 244 | ??’é’&néﬁn‘t hat the centre of inertia and preferably

g5 245 11wl b EBpRdotIR dab O SRS YRES o e A A e B |

pout the crahk axi stoAhgnveREOebs 240 will bal ance each other and a
$eparate counter weight nmay _not be needed. .As. the . cti, devi ce 218

& bits the crank axi 132&%,15ﬂd°rlé?é}ii‘i’%h%’1m%?W&Sﬁé%g’gﬁgﬁﬁg’ﬂ“}aéfﬁﬁ%@o
the big end axis 246t thaimvenfiond d cause the connecting io device 218 to
#tenpt to rotate about the big end and which woul d need ¢ounter turning -
gbrces to be gener atEiguess ki0god68 shogdsomatnn yisersoie frthamser mads ag on.
S nce the centre of tothetmentibnt he connecting device 218 remains on the big
&nd axis 246, it is arelatively sinple matter of adding an appropriate

k

ghount of mass to t hBiguessnl6Srtowss ghbw sbinaric viewsafarfkribérgfistor tzde according

bl anced crankshati/cotnmecting device conbination. It will be appreciated
hat for other pi St ORjgRFATERIEIESShowdsdraditic afewshaf adarthercpigtbn imreede taceordingt he
gbnnecting devi ce 218, fhe88vastiohhe big end axis 246, then it may be

gynam cal |y bal anced. This |eaves the reciprocating mass of the pistons
#82. The vel ocity of pihige] & BT 1500w Isorhht PidwstofRfuether pistea nthke apedrtingnd

}f, conbi natigp the t I 232 are the equivalent of a single rotating
¥hss. This may be bal an(g:elg‘;gy gddi ng an appropriate mass to the crankshaft

22, thereby resultipg,i NI B i RRE&H .Vxﬁ')l&ﬁ ion fnadelabbdtdin
Sonfiguration, a si nP &%ggﬁg rrassgia%vs} oa{gﬁ%ld to tﬁgd acﬁr}gf the cr ankshagft
#2. For a four piston stdr A i guration, two piston nasses are added to

%5 the crank counter i_gh ferring to Figu | id
gbvi ce 50 which is af %%ahsoﬁegﬁ *H@qﬁ%wgﬁgﬁsﬁoamgﬁfwg%?&c;%arc??ryﬂf&’he
gthre nunbers are uself P6YHEBane conponents. The conbination of the

#d st 32 bei limted t ' ti. | t he. pi axis 3 d.t
Shapoctive {dhgue 20FRBTRYITY 1 (RSP PRHGHS O3 O BOPLRIGPP e ST s
g8 ston 32 theoreti cal® thegpesndions any rotation of the connecting neans 18
gl ative to the piston 32. However, due to the need for mgnufacturin

%) erances, there wi Figurpeldt i’} shewdsemetricamyy efi? BinbeHpison r@@ﬂerﬁcﬁ%dg’lg

TNer

fhe connecting neanstd®erisventione to the pistons 32. This in turn will
ffenerate fuming forces at the interfaces of the tongues 20 with the slots

&@D. To alleviate thi Figuree!SbtodiBfeshowrisengiticaiovy of pfustherpigtonimadeacromiagge
@. One end @b this tothedgeentidni s pi votably connected to the connecting
@eans 18 at 42 and its other end is pivotably connected to the crankcase
F#hot shown). The |inFagrest087 aol8vastivhigomenriesi¢ws)f cfuahiespiafon rficardording

B ankcase thus form g fiaupvésionl i Nkage. The di stance between the two axes
&P 46 1s the .sane as the distance between the crank axis 14 fromthe bi=
#0 end axis 1 | _ Thus, irrespective of the restriction inposed by the
ghhgagenent of the connecting neans 18 with the pistons 32, the connecting
#bans 18 is constrained to o orbit about crank axis 14 without changing its
@ i entation. fwtera~e~ sr.~= t~rvAu AMENIEDABRELD0: : 81 Received 25 July 2001
Mrss.a 20 Referring to Figures 9 & 10 tIREA®UI s shown a twin cylinder fluid
@evi ce 260 having pistons 262 reciprocating in cylinders 264. The pistons
262 are each provided with' a gudgeon pin 266-nounted in a bearing 268 on

- NSNS, . I |

e

M T - . e T o



Referrrng to Figure 11, there is shown a twin cylinder fluid de?/q:yé\l@ﬁ/%?u&i

J,tvm n ~a pistons 82 m)unt ed on connecting neans 18 in cyli ndeRSCmdﬁHelyZOOI
connecti ng means 18 is mounted on a crankshaft 12, but the axis of the
crankshaft 12 F&%®fiot fixed relative to thelkyl i nders 84. | nstead, the
crankshaft 12, and with it connecting neans 18 and pistons 82 may be noved
upwar ds or downwards as indicated by arrows 86. The vertical novenent of
gthe crankshaft 12 raises the pistons 82 in the zo cylinders 84 and thus
dprovi des the abili tBighes\80Yo 192 sleompsonssioviewsiof @ fanhérdstoh yoadbayeiging of
§the crankshaft 1 ZideesiReatigffect the timng of the pistons in the
ficylinders 84 relative to the crankshaft 12 or to each other. This is in
jcontrast to conventﬁxﬁk 193 €5 995 SowN Rk ¢ viewa of d Frért fistiR Yitidk Gl aags,
jcause the timng of W &gps to vary, with one piston being advanced and
4t he ot her retarded. icdl novenent of the crankshaft 12 may be

gachi eved utrlrsrng uch the i ke.
dThe |ine represent éﬁg%e@fﬁllg%%ﬂosg%gg@?@ %ﬁ%&g‘ggﬁéﬁ@g g I t

AW || be appr eci at ed? Oy novabl e crank may be utilised with a si ngl e
#pi ston and that th rmvabl e crank nove ng paths oth t han t he
%bi sector in a V ao dﬁﬁmtﬁméﬂféﬁﬁﬁ@’&dﬁ@@% %ﬁ%ﬂ%‘éo ed at a,

say, 15 to the vertln‘ﬁtailtOHThl s has no effect other than to need nore crank
novenent to achieve the sane change in conpression ratio. Figure 12 shows a
dvariation of the FnggmMienmsmnmonalmmfmﬁmcmhnmwfﬂﬁ is

Znmount ed on feari ng iavermid0. The bearing arns 90 are pivotably nounted on ss
#t he crankcase about axes which are coaxial with the axis 94. The bearing
jarns may be rot at eFigh@uioNiba cadssseBtomy viewt dfdbfietheeambodinenibbtheor | over
3t he crankshaft rel ghyM@idn0 the cylinders. Wilst this does cause a sideways
2novenent of the crankshaft, and so advancenent and retardation of the
gpistons, this is veg 2meao%bebgeené&1%fwe Sk bebogRagbrart of the
ginvention. in whrch is atwn so cylinder device 100 with pistons 102
greci procating in cylin ers 104. The pistons have connecting rods 106

EEIC\'I/'? :[A('Lilgi)y 00 82t ggceﬁlgﬁog up&gs}os%%éo%alg?ewl %Eﬁrﬁ’t@ge C(}){?I%%@?I n@H(r:oleEégAlU S

@provided with two paraIIeI surfaces in which a slider 110 is

"Anmount ed. The opposi of the slider 110 onnected to !

Ahydraul i cal 'y opera’%‘g’dﬁr IS £1030sSTi7gEanal Xy filaz S&ng’gﬁmwﬁ thin the
@connecting means 190%eRfke sel ectively supplied with high pressure oil via
Mducts 114. The ranms_112 are thus capable of causing the slider 110 to pivot
Jabout its centre 118gure2(3isa wpsstwabenal siet plafurter rmbedmanéof thg neans
118, and heece rel dovemtido the cylinder 104, or a conbination of both. This
Hcauses the piston 102 to rise or fall relative to the respective cylinder
gand/or for the conrEguiaiif4isd ct66-tcotipnal ievablafurthed gmbndmient 208e so

#al tering the phase iabedtigh.pi ston. ,o0 Figures 14 to 29 show a nunber of
gvariations of the guide surfaces of the piston and the correspondi ng
Zsurfaces on the encEgRFEIUS WeANSss-Sectbid vich STORRtRT ebdeincR0f favi ng a
2Y-shaped engagenentipostiface 102 for engagenent with surfaces 104, 106 of a
&single piston. Figure 15 shovvs a slider 110 havi ng engagenent neans 112.

dThis surface 112 i spisgre26dR W BELRirthbet pgieng from
gbase 118. Figure 16 gggé&a sI| er TZaéaflrg%'lr ng %ngage%ﬁ%&ﬁﬁﬁg 1262 The

1engagerrent means as shown in cross section is T-shaped with two arns 124,

D i A B

4132. The 20 engager® oA Ns 132 has two dovvnvvardl y extendi ng and di vergi ng
Zarms 134 which are by the ston g sh a W shaped
gengagerent nmeans Iﬁggﬁgﬁ%r’éalw oggl ﬁ%‘é%ﬁﬁ@% 1 SO but

'V-shaped grooves 158, in zs whi ch V-shaped protrusions 160 extend The

# V- shaped grooves 158gurmP Qs iseraneisciestionzd Gisvagf the fignon2¢tiembodimenvintter of
2the piston and engaljffermt positios. Fi gure 20 shows a T-shaped engagenent
Ameans 170 having an upper surface 172 with a slot 173 located centrally
Htherein. The correspondi ng surface 174 of the piston includes a rectangul ar
g shaped protrusion 176 which extends into the slot so 173. Figure 21 shows a

AT-shaped engagenent nmeans 190 havi nﬂ a_sem_-circular protrusion 192 | ocated

a5

'centraIIy on the upper surface |94 =r'usi on. 192 need not be | ocated
wcentrally and there may be additi onal rusions | ocated on one or both
4sjides of the centre of engagenent neans 190, either on the upper surface
194" .; as the lower surfaces 196, 198, or both. t1'd. NDE 7 SH= | PEAI Al'! '



I . e SCTTAT T
1PCT/ AU0O/ 00281 Recei ved 25 July 2001 9288.da 22 The device ﬁé Fll q"§ -
e<ifEf 4o de

simlar to that of Figure 17 except that the upper engagene 801
jof the piston Jﬁédﬂm continuous but is provided with an opening 182. Figure
23 shows a T-shapéd engagenent neans 200. Eegure 24 shows a T-shaped
iengagenent means 210 having arns 212 and 214. The side surfaces 216, 218 of
§the arns are curved, so the width between the surfaces 216 and 218 is
Sgreater at the centre of the engagenent neans 210 than at either end. It

dwi | | be appreci at edFighzt2}tnis aniedd lview of e embodiapoofiihegnedntioniana fisg pi st on
will need to be at positidn dfind idecyate.t he wi dest part of the two arms 212 and
8214. ,0 Figure 26 shows a T-shaped engagenent neans 230 having arms 232 and

jcentral leg 234. ThEghRrg 22340 233 BRAHAEEWYDE thelHRAMBARVTFiZRE 21838 On its
two surfaces. Thes%ﬂ@?én?sﬁé@k?ﬁ@c)gf’éf be used to drive, via rotatatile
ony ot her “dev

#gears- nmounted on the pi st ices. Figure 28 shows a T-shaped
dgengagenent neans 251%5&% y Eﬁll i 25 n the
jupper surface 254. W"%%@g@%{}gu eggﬁé%ﬁg/%%%?@ﬁgéé‘ér%%%gl sed to
gdri ve devi ces nount s 113k 0N, o Fi . 29 ws a V-tw n engine
4300 having pistons @g’?%rbclr%;lﬁ@f&ﬁ%@gﬁ%nﬁggﬁﬁgﬁﬁ%zi@% nmount ed on the
Shavi ng & gudgeon pitiEaTo: G i P S RSFgRR ACeriReiel BRG afptrdler oo
3312. However the cdRMBEALe sximdenaxesipt s positioh serrespongding taboftomeised centee i n
gwhi ch the connecti rfgfﬁﬂ%tﬁﬁ @Bstemyages. The connecting rods each have a

4si deways extending arm 3l 6 which engages a slider 318 which slides in

fgui des 320 PMar al | elFigaretHg shessectieveoithd émbeiimani similahto thehofRigireg I60d 31 2
amay be integral w thutthtopsddadeent®d8 or it nay be connected by zs way of a
api votabl e joint 322, as shown. The joint 322 may be a single axis joint or
da ball type joint. Higute'®&isbadkinbetd skonsf a fiithepémbodhfenest @ednwatish] el to
3the slots 314. However they may extend at any angle. The guides 320 aid in
gstabi | i sing the resfigeid 21® ipias aeial @ vhecalsfirthbferabbEHRNE 85 theqaHniies, can
3resu|t in the piston 302 rotating very slightly in the bore and cause ao
Zseizing or the |ikeFigife 200y ahia@idl ch@kRAASCLTrRELeHBSEimnh8f BeiifRNH3R0 NMay
gnot be needed. The ggiinfjes 320 may be integral with the crank case or may be

gsepar ate items attagbes 220 ikh8 aglxekd Piew\eda RithEPLhBodintnt BetHeiikeentibs;

2k s Ny

R TR

jgudgeon pins 310 of the pistons 302 may be at 90 to the crank axis as no

é\rmof iat i onal ”DvenentFi?ﬁretm i8 AR 2QGY bAY iAol firthet &hbY@intcdt Bfﬂgﬁe%@nﬁﬁn?’oz

: ss occur. Use of the pistons 302 with gudgeon pins 310 | ows one to

quse "of f the shel f'FiphstoNSshofAAENDE 4 SHEFa M Akbod t%%ﬁ&@{n@&%ﬁﬂa. For

4Recei ved 25 July 2QQf; “':cm%.accﬂﬁ shows a schematic [ayout of a
3V-twin engine having a psrl mary ~%§§{6%8 |gdénd 332 and a connecting neans

2334 mounted on the @i e Pl - t connecti ng
gmsans 334 as in theﬁg%g\%dggg%%enﬁgg%@ﬁa] e cfgﬁg,gd%g%ﬂ‘i S provided
qwhi ch rotatgs abouty. S { | €l e axis 3 f the prjmry
2crank. A Ii%k 342 i%gﬁﬁe%saﬁégr?gltaje%ﬂeoéﬁgﬁte%ﬁ%v?ﬁrée%Siﬂ'g&cl%ﬁsﬁanh%‘ﬁﬁ@ng34 at
#4344 and the slave G 46. The dista Q i vpt ,.poi nt . 346 from

; the ol ave axis 3d0 Hgue 228 3Rs A keapki Ry BN Ry Rbnlenl8osRRalos BE o1  ar
axi s 331. The sl aveB¥FHO®- 338 and link 342 thus aid in naintaining the
gconnecti ng neans 33_5} in_a fixed orientation as the pri marﬁ crggﬁl}hwo

: . flue may be

rotates. It will bd'BeLABOPIERFIETHVE Hew ofrdbrihexemb
Jused with any of tHBVEHRSSdi nents descri bed herein.

25 Figure 228 shows an exploded perspective view of the Figure 227
embodiment.

Figure 229 shows an end view of the Figure 227 embodiment.

Figures 230 to 233 show perspective conceptual views of various yoke
constructions.

< Figure 234 is an isometric view of a crank with a pair of split big ends.
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iFigure 31 shows an axial cross-section through a big end 350 an8C3/AU00/0C .|

jconnecti ng neans 352. The connecti ng neans 352 has engagerrenf{emi‘aﬁmisZSBEAyzom
which is engag)ggg by engagenent neans 356 and 3S8 of two separate pistons
1(not shown). ,s Figure 32 shows a simlar bfructure to that of Figure 31
but wwth a different configuration of the engagenent nmeans 360 on the
connecting neans 362 and the correspondi ng engagenent neans 364, 366 of the
1t wo pistons. Figure 33 shows a connecting neans 370 having two slots 372,
1374 in each of whi dfigine 235gagnend vieve hbipdtscenpapiieviceserarddEdo t1878. The
%engagerrent means zGn8#@ion3#Beraiaythb bighérida elie codxtal and itlregpistops ateodisguised €or
iseparate pistons. Fegscatfn 8hP9EedecORNA6h biltr ABARhSSRAIT@NE NG two sl ots
#382, 384. Each slot has a Z-shape which traps the correspondi ng engagenent

Jreans 386, 388. Fi guupr3meiianend viANBESY 0B R0 haririthalesqns! Ot S
folots are ?oﬁ“mfhbﬁé%gé“eﬁ?ﬂ?%%%v s 10 reciSeationSE DA de kRl S

£396, 398 al ong t he “&FBLENSg QMmN aHF | be appreciated that the bearings

400 will be provi d%% at inter vala al ongﬁ@ %&ﬁg%&% ',Sghtg gurround

e s
jconnecting neans 4H0SPF i ERDCAE VI ObR Vel _ :
%t he connecti ng mearigveniiorawhereinghg eistepscsadismpendfoprsiraeption 28|10 degrees
$418. Figure 37 showe eachotireeboutghermmirsad20 havi ng two si deways openi ng
Wsl ots 422, 424. Figure 38 shows a connecting neans 430 having a T-shaped
Hengagenent means 43Righse23Rjisarpessptddvanidwid edunettigaod desigded tr breattachied The
upper and | ower 3s t@wgﬁg@spigﬁ;@@ageﬁlwo may be parallel, as shown in arm
M434 and arm 436, or divergént. The piston has a series of opposed roller

Joearings 442 which ﬁ%ﬂ?@%gﬂ%tﬁé?ﬁﬂ&ﬁ?@dieh%ﬁisiﬁ EpataSasteBbingesiARd tdbe
fl

dexanpl es, the centr 0 AL may be at between 35 and
#50 to the big end a%als(:h&?l%ﬁ D@Jgﬁgrégéﬁﬁ%ﬁrc 4 Figures 41 to 47 show

Af urther vari ath%%ﬁﬁ%f%ﬁﬁﬁnfﬁ%tﬁ@fﬁ%oﬁn bet ween the connection neans

4and the engagem tons nmounted thereon. Roller
gbeari ngs ar e, sgg

. Laur e Tk - : LR piston
fluid device 5 nﬁF%&Oﬁ&@%gﬁ%g&%gﬁ f;ﬁ;ﬁ‘&é@: 38 r}éﬁllﬁrl%&c%ai ng in
j-gcyl i nders 506 ﬂﬁgﬁ ’Hg%‘i}% rg%%gpa Bt 8¢ ,qgs 2183, A A W@Ee%%ﬁ

4 oined by a | i PRy BOLO, Fially GAROSHARYSC 591 Ankie 35 1BF ErapKJ¢iTg hg
sconnecti ng nmeawds #2pimolmwiltidesaribe 8 giveukay ertiit froertiexis14. and 516. The
gconnecting means passes through a bore 518 in the |inkage 507 which
Fconstrai ns t heRotatdy moupterbembesing pio 161is dslidirdéwde Slﬂ%T &es o tangupe20,

# i nkage. Prefegably this ~o notion is perpendicular to the cylinder axis
¥but need not be so. The two cranks 508 and 510 are preferably |inked, such
das by gears, s®@h¢bhdert teegxtemisaicnetatigehendichbarttdithe axit bt whilstethe tomgaet | ng
deans 512 desCeitbRg gen&rallyipaitlal touhs bk dl. ABbegReaih Figueadigeslidg pi st ons
7002, 504 to dem&é&gfeﬁe% iall ?Exi(er §iag Wt tahRaidiiRNBoR2 4 8F HiRtsligsr 1§ add®

: i

ogn_}ag _§G! e parts are <s nunbered the sane.
ilst the connecting ans s free to slide sideways relative to the

3 | nkage 507, ther,e w,l | be s ideways_ | singi i

fAccor di nglyzﬁué 8%&8@%“%%?% q" g%%ﬁql |g%§;%¢§é%££§§%§’e§?&€ %i
% i nkage 507 toCpFRDSHE SRRRSEIR e Eer &R SolfReas mAYemset 3%
S he Figures 48aavipequveleviindssaxis 46t Rach dnbotflipieimebly utends sibstatisly ar e
j%pl votal |y connpetpeudiculaa te thedmilingeaxis 3¢ ank axfordssdizmetrically etosnthe sentre of
5arranged in anthé giswohi Bottedrdeof thidslst ItaarelapenrFhenlider fjoal thas gieve sidevags
et ween eachy PtsiAtdre RAthB pistén BIRGHAst veORalWR{LR thdsistoh ldHEaxdd 86./Where
equal Iy spacedg Fachd 0

e RS ot LI A RUEE, Se sl gﬁ%t YFihe
#pi ston 530 and sl der, zs. .540." e sti.der R.IS const.rail,m é nove .,

B ertically by HCHEL0SSO LIS thePition Sl I BHCI A Peo o BEPBE L,
e:jg/icge 500" s hist blds cmedo EPRfERldhe mptics %@%@ﬁog"’%@iﬂﬁg@ Pﬁgﬁ %Wﬂainﬁ\f

4502 and 604 r omfiong t oget her. An X-shaped connecting means 606 i s nounted
zon the big ends 608 and 610 of the two cranks. Four pairs of |inked so
Zpi st ons 6l 2,35 6The phten 38ds 6aBirained ¢antovenlongsts piston agis3H aadasshneragi(2t o

n

F623 of the connsafestige stkdends rbAKS 2bbe e dradkaxésbh The mestiqneofeack taugae 8s i S
& he equi val ent 29hat BRokifuER A3aIleYs B8R redft@ud PEIRAR IS T6 £2Ba Bimb&eb! ¥
wextend at 90 to each other, but this is not essential. Further it is not
gessential that one of the big ends be nounted to the centre of the
#connecting neans. Preferably the two cranks 602, 604 as are |ocated either
¥side of the centre of the connecti WM%ASUBEE‘.



Figure 52 shows a further enbodi nent of the invention which incl udes an
"opposed pi ston devi ce 700 having pistons 702 reciprocating in cyPCﬁﬂ%U@O/OOZSl
704. The pistons 702 are rigidly joined by |inkage 706 and soRgeareed 25 July 2001
it oget her. Moun®&g<bet ween the pistons is ajgrank 708 which rotates about
faxis 710. The crank 708 ha= a circular WIPEA Al PCT/ AUOO/ 00281 Recei ved
825 July 200l szss.a 25 disk 712 which is offset fromthe axis 710; having
fits centre at 714. Thus as the crank 708 rotates the disk 712 oscillates

/76 Thess ?B?Eﬁg@‘ggﬁ% rﬁfﬁ&@gﬁ% %er?@caé ”‘g‘%}%ﬁﬁﬁ%}e F@eleinge

iand may nove Vv ally.

iThe fol | oners FEPECE Q E%gi;lzaomf d@@vw@fcﬁfﬁéﬁw@méa@adof
% he di sk 712. egen@%@,%mhgslgta@wmmm o1 t® iiv3oonstant grigntitieras
gengi ne. Thi ss i thesaurhsk eotaties itrgsyidetive affethaspistons.Ah dhe embaditieent oﬁFlg&t@CBpt one
of the pl7 gtz onfSths avmeum@;stmm@osmm%mgﬁwﬂmh ;fgléln
.earl ng (6] 'S
% ocated in a s 9 beﬁ@ﬁﬂg@mﬂ Qi;;%) é%ﬂﬁséﬁ%i% tﬁé E i.ggﬁ‘{%’“ms

pi ston assenbl y- A Fi gure ~4

Ishows a twi n piston,device 800 havin |stons de ees to
jeach other. Ho 3(§£ﬂ‘éfﬁa QUYFBV%WEOV}D g %ﬁ%rg gh?

Jare not in &p erapkcagassanblingare arusec Ascaalb @ﬁgen,meéwge Bmun@lmdm mal n
dcrank 806. Themnk|1d2wwmkbaﬁ&$pmHﬁWMgWemﬂWﬁbstJ Thnee fistetis @iest on
j02 has two arman@ﬂbq&aﬂiﬂb@ntthadtamg 190 aeIIB(bEtoeache)ﬂﬁr Mwmﬁldnrtﬂer S08.
Avbunt ed on t hebgdrite Fihe 1695 b a¥fte ”Qﬁ'g%cﬁ&@ A8 and

i ch transl at Jlﬁreocﬁ"i t|ng
%/rrw;t Il on par alé ?ﬂi 1.Nn e? axl s%;%%l | m Bn%déagg ?
has a sim|at ;;B S g(i
3320 These ol [P 9|e§sa& ?H{s@nﬁﬁée %@'e‘lllsrp 16t ex H@Y PIF Ader
08 into reci pfOEEANR}aRdt i on al ong cylinder axis 822. The device also has

gw de menbers V\/nlch engﬁge the pistons to limt sideways notion of the

jpi stons. 2s Fi Beraussgachofiibepistons issigcounled fremuinyetaapistan, thg oiamaped asd of

gl i nked pi ston pegtobbf € [§32ns Eaytbeadoeerhisyde8Ba. Mheraispiostead f&3Mie pistamach

jend rigi dl y 29 oaxsdotentdnderadialie fray tite drasilkagie. BidSistdhaxed ﬁah?ﬂﬁteﬂ@ﬁdﬁﬁllyeaCh

qassenbly reci proREa gxils b Yhis RUR BB BE redkdtE ront 2918285, % ﬁl festidly
slo as

o SR R R SR
i e Y

res FEv
t hrough the lih (g %7 a
jcircul ar opéhi R %“ B‘E@W YC?P ‘ﬁ’@a&? ‘i?égs%resw@*’@}mﬁdnﬁe@s
fci rcul ar cam skaclypf €1 nistenw66,io8creciprocatysanai beeehpdinday7®48. Ththe cam
fcentre is of f seylindsms 7he72caraniosad mtbethdndpambthnh combustion®t@mbetsatdase t he
4cam centre or bd¢fnddisstorenthesistons Zid theeads ebtht kglisdérsler 844 to nove
Fvertically and horizontally relative to the crank axis. A~tE~J~E7 SHS=

3l PEAI AU PCT/ RobicaQ:Taiie Beakiseedudds theibitcdd 68, 68-tsredipibcarevdrtioaly wigihon of
the slidersB4theiliniest7, dﬂ%m%wgetstpﬁzbv%%mr%&elwﬁe ﬁ)lﬂng fofor$ 44

grelative to th pggston assenblies, whilst horizénta tion cause
1plston ' assenbl’ies to oscillate horizontally in a true sinusoidal nDtion

§Thi s construct %ﬁg& |
iThe main advanRg e | I.nt eﬁ ﬂge?%é%?%s“ focggg @&@%vé@eci;lbb%? and
the slot wall s glub 8|°ﬁ tg1
jot her wi se occu?mmleﬁgll% H“Fﬁg g@:qc§s @FMQP@%@@WdEﬂg@ﬁﬂfﬁmﬁfrom
4t he cam 8423% o2thelagpngiss 220 4andrslots 236nin the sstowss?328 The conndrting Hevic838
4Fi gure 57 and Basavehweebs240yone foiséarh péngh,vehiShSresiffet atiallprdtitiie tokadh gur e
456 and ~o accogtiieqitis hildws BRITiSohaY® IGvesR M@f&déd’b&%ﬁzﬁ g fent,
two sliders 85g.au61p iﬁgmﬁt“&{& Hdﬁ@tﬁﬁﬁﬁ' r E §! |hder
852 does not c achi.s |v Do e
dother. In the |gure ?153{# gglll&?ﬁgur&ceﬁg 8@&“5‘&&5 §nf’1§ &S[‘ﬁ/
8t he sl ot 839, there |s a tendency fox it to jamin the slot. The use of a
4"split" slider, using two sliders 852, prevents this occurring. If ~s one
g2of the sliders 852 rotates relative to the slot 839, then all it does is
frotate around the centre of the cam 842.
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_Figure 58 to 60 show a' four piston device 860 having pairs of ppst 0/00381
;862a b arranged at 90 to each other. Each piston has an extepgi.ny3 z} 2
jhaving end w ails 868 and 870 extending perpendicular to the respec |$lg 001
gpr ston axis. ThgaLXxtensions so 864 extend ? one side of the piston axis,
ias best seen in Figure 59, so that the pistons of each pair may be
gpositioned in a comon plane perpendicular to the crank 866. The crank

di ncl udes an offset circular cam 872 whi ch engages the four wal I s 868a, b,

870a,b. As th rank r at es., 872 ca S b to
ireciprocate | E % gé’“g PEHPE rﬁv&g%%&@ \"gmt%’g YJur e
58 to 60 embodiRempo hig spd g 4 f@é??%}‘eéﬁ %5 it w II
%be appr eci at edbftmgnthﬂstvm waber?-éﬂbﬂémsrmmt%ﬁmghtt irpiged 8o Bptthe aspire of

enbodi ment s nainettin and prefarably Rlspthe seiftie afmmbfshmwrmevmg devion2 b ligshm
Figure 58 t056&e$1§@ﬁdmt246nnvﬁque1 dppredatpditiay witen theipiscorsdrs fmesdime.  Two
sliders 880 ar c?ﬁﬂé’@ﬁ@ &%@%@b@f&ﬁﬂﬂbﬁ@ﬁ:ﬂ&h\%&%@%a b
gand 870a, b. E Q{%%fﬁﬂx i«gégﬁ&{ed ace 868 of one piston and the

out er face 870 e crank 866 rotates this causes

t he sliders 88Q .t ane I r o 8
%pi st on 862 nov ﬂ? Bﬂ%gﬁ Ci gﬂgééhe Tﬁikgﬁﬁgﬁa ‘geﬁ%ﬂ on
g espective endik‘aﬂT?te atiyg fo FP%”B? gf"b ilst as
it he piston 862deioe2lBtmgtismptiore@tecahay tb@ehss ‘§P 8P ar i ng
Zon the inner wairhlr@%mmltd)bpgsmméapﬂm&bﬁ%?oﬁ%ﬁzﬂh%teéﬁaﬁw@ additight h t he
3Fi gure 57 enbosing® e canitrReSf isatih of thietmmnecting deee 218 remamsemdhehig endfaxiach
i ston, the |ikghih gogm%qe hﬁﬁéﬁ@&@dﬁ% Mpp¥SriatShinouht SHMAS to the

#CT/ AUDO/ 00281 £ oﬁ&f’m@b Srdl AN
glevice 882 si %vg%‘eaﬂgn g "Lgfa't fgr 3\@5 EPg ﬁav &E.B&anon ,

R O

Zirectly on % e _sa
dhunmbers. To a| pmr;m@ﬁed 9%215%?“35%?18%%‘? &' which
Fengage eit her éﬂ%a@ F@@@dﬁ&?%ﬁ%b@rﬁﬂ F’&h §f t he

i ston rel atlvdynmﬁdaﬂyﬂ:akape@ilve pi ston axis. Figure 64 shows a V-twin
Alevice 890 having inlet parts 1/P and outlet parts O P. Each extension 864
9 s provided wi flhislchossght netiprabitingennsnefi the pstas 282 Thdvadagity ofihe pistane
Zrank 866 exbends folltves alpate $RFobddl mmﬂgrcbmﬁmabnmimmPiswnsﬁaz are the

JJrransverse nmot reqﬂ“ajegﬂgﬁg,glgglatﬁﬂ oQRAssDTRE knd¥Ede bzra@ﬂﬁ@@n t he crank
30,0 engage t Pkl tﬁ@t @ou@ra,ysreaneﬂg 8y RRgHcaey Slfhced
haV| ng twin op é;%% sgsg dgtlofii LpoR ofghch
#'s mounted a s |

D22 as the craﬁ H’é? ﬁﬁ aft "on ?iﬁ%ﬁ%

“pi stons. Thi% élﬂfr@@ﬂlircéuﬁltﬁ'{:?" t wo |ndependent pi eces ,S 92~, 926. These

?ﬁ)et ween the twlketEEgdo @2@1€F®ﬁ§haf’m i dggice B 137 vagfatign on

i gure 66 shomElg«rreX mmmaﬁponlmmmmm fﬁéb‘?ff?éﬂetv\o pi ston
Jassenbl i es 932 cofipbnedts. Tipd tdrtbinbiicteof trepistn 52 beidg dmujtaskio linver otioh Algng
spurfaces of zo tﬁérplstcm @um@h@@m gpaetive Songlib 20 dbingdimivabrriiear imotbudes two

2l ider pieceg 9384vE FR 2%\5&&&@& 3RevRelRy F%b&h@ﬂ A @ng means

Jovever, each R LGS PdGY é‘@bﬂ‘a% 5ton
R e

3 Wo pi eces 924) 926 engage surfaces 920, 2 respec f% The. split I|ne

#i g end 944 of 950,

B hey are rigidl @%Wﬁ@st% AP tHERIFPES IS W s as

_,- uni tary st rudeieee at tiedoicefaes Cﬁﬁb@\@mﬁ PQwithgbe dats 3P- gyzﬁlmﬁﬁ@& a big
2nd 956. Thesasiseivsliy Figise Rvis provigahwith s 1068ge 96 Qneeadtofghisdinksge Hebr s

3 fgai nst one of pivieablydesneftedtsthetconfiedingandanh 1§ akd2 hypis etigr and ispaodiakdy

it he two cowpon%hﬁeaa&t@thb%k%%%t% [ TRPSiGck 20, Bintheefifls ARENsAIY, OWS

épge; espect! |V|e cgang :imr a‘foupbgr 80 0Th I RRARIBaR e tehe

@64 of the conpd pgﬁﬁuéi’(sﬁg% 5 2%5%1 %Gg%ﬁm%gf%ﬁ@ Qﬁdy

S| i der assern®l fné@ﬁlsc blypus dgrespeciiye o
68 Each comman@cmmgdﬁemtbﬂ@ys@@séi,ﬁ:néowa@gwé waceamla

'u
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PCT/ AU00/ 00281 Received 25 July 200l 9zas ~ 28 Figure 71 shows one l&art of

| rder assenbly having a slider conponent 976 whi ch engages arf 0081
cam 978. The conponent has a main body 980 and rollers 982 V\/rﬁ@ﬁlwftdlﬁﬁﬁhlywom
iengage surfacgzsgq@‘ﬁ of the slot and hold t@@ mai n body 980 just above the
Jsurface 984. As the cam 978 rotates, the | ocity of the conponent 976
al ong the surface 984 changes. The separation of the body 980 fromthe
dsurface 984 is sufficiently small that at high velocify the body 980 floats
fon a filmof qil and at_low velocity it_is supported by the rollers 982.
{Fi gure 72 shovkslerrsg tadiizurss 8épl| thieisahpwa 1%161’1‘1@6&%3 VisgH0dyinges
the cam 988 bypistays 262 resiprecatingdn cylirsiery 204 dhe pistonsid2 araeachiprpuided shithder
Jassenbly 992 rogdagompirt 260831mt88 4 #heaiigHoon thheespecibs paftos Mbusesd on The
two parts are th®gidEbonpiR266 §s HnneQing 1id 270, Hoosedry theebhmutingeod ard ace of
the cam 998 4 Qio@éﬂomoﬁﬁwﬁ&b% &M@@Mﬁiﬂ%ﬁt&@&b@@n@cﬁhﬁ% &nls der
jparts on the ogmp, ﬁh@fe\g,t%c%%% %g &i (A RS @Me 74
dshows a sli derhass e a\u n o side ,s
for 2 cam 1005 1% }gi& refﬁmes Pe ?é
21004. The | i nky S?Bbwms 9}6
:-.Fl gure 75 showslaavs ) ﬂ@rpigss,ethbpvmhmann@oﬁt}mp}@zaamahnawé@ewiélq %ﬁ*tﬁﬂﬁ@
2di agonal | y eppaditbegussdd) mévents auy piectingsdridiser tha semebting 1d1270 #widgure 76
shows a crank chhdcdipminBgnsal & inbed as £éinglehmit, Phiist Sitmmhapdeat ® mgdged zo by
e oo e Bicesk Do SEA0G 88TIrAZE. |cick0 AP Gui eeDiut I 1

camor is supg; onthe first cam 1016 and engages a cam foll ower
1024 nounted dn the respectlve part once per crank revolution. F ~Qure 77

Ishows a two pagls e@{ﬂodt%r gaaqgg%ﬂ gggaﬁaghmw ﬁaiéwws@vsiﬂamg

Asur f ace 1030 en\%ﬂ

PR } %‘%@5‘5‘*
P L R F@»E;%f SR

icr ank. Figure W@Uéﬁé%heac@ﬁdé@ &ninstsiads B8 IFB‘P %f aces

1044 and 1046 megpeh&ancbpnytonsrﬁénwéxeono%w prdovorATdy p irdieaiad \/\hl ch
Fare engaged byarfavd 86«Flse dafical ridvesent of the wemkskafel Zrisetequstons 2 &1 6a

51 052 on thegsl dydRdeSRPEnGHuS Propitep teadbilityinivaanthe asmpeessiod ratid omilel ﬂ}be
gapp][ eci at ed t%v&ﬁ%né@f%@ﬁdnﬂ&?{pﬁ &Rt Hﬁ&cthﬁeﬁl% %ngep@tdnbenw
surface is on Sld defeata eI ngsﬁ +S LA QNG niradt@bn,
§CI rcul ar cam 1 s en Céb r% gc%lﬁﬁmg%?@&an}gsoga%e%m%der
’ffecorrpanent has

1
nraged by a &%ﬁw%‘a@ﬁ%@@% %ﬂeﬁaﬂ I hs adiced nl Py S ,%I&ed(;m a
I R A AR B QN A Ceﬁhnﬂiﬂqﬁﬁﬁgéﬁg%ﬁ. S copRmticihl, Vﬁ%e%

SSHE. | PEAI AU meaus, such as hydraulic rams or the like. T &él Dises

ul'y 2001 29 Rhgungledstahempistons 83t ch yoke assenbly havi ng a urri tary
| ider 1072 nounted on a big end 1074, The slider i0Q72 has an 0|I 1076

i ch is interHivilléw appregiefad St Bynayablemragymay be atibsedth @ engieRt %Bd
.’: i gnifies the tantEunbeane ciink memydermbvdd dloeg pitbs Q@drthénthﬁfem?ﬁ@fdﬁ aéf'and X
? s the | ubr i aftinRRgERY ot dxatipld. The erdek mmdes slovedlattdsdy, § ittotheivettical.or ns

f the slider 7R Had@oUTHREEIB hal BPRGdGRotetBard ndedBentty adidevesthd sane h any
if the ot her f % ¢ E%r&&%ﬁ%ﬁ@n I n any practical conbination possible

nd the vari ous rms aré not limted to use with the conmponents shown in

?Ihﬁi Zpggi/{l:g f2 E@E?. sﬁi@&r?&rvbﬂ &10013%94;119%% @iein%o%ehﬂ‘i‘ﬁ Qhich tﬁ%l@m‘ﬁtw n
% eci procati ng | %&r e &%rﬁ ? qunted o gl es
war e possi bl é g:qgo XE@O %g glr?lid of
#h crank (not sh‘i‘a tcér?@ob‘ GREBletTARADS R TRICAT %\gerztéggmngglaaﬂ% of the

i stons 2012 haaéatavamsthapﬁhnmt mmpm%tﬁ@éﬁdgweﬁsaﬁﬁ‘fw%l €5 across
jach piston. Thmkshufe«ahdlagmdehammn@mmsth@,MSmﬂshght

!:+

Figure 13 shows a further embodiment of the invention, in which there is a twin
20 cylinder device 100 with pistons 102 reciprocating in cylinders 104. The pistons
have commecting rods 106 pivotably mounted on gudgeon pins 108. The lower end
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t ongues 2020 which engage in the slots 2018. Each of the tonguegc B%,,
o part construction - the cross arms are fornmed of a pl anar | Q éggl
which is attached to the vertical web 2026 by bolts 2028. Loca ed 0 ¥ 78P1
$ide of the sl gl 2018 are two axially extending planar webs 2030. zo These
webs 2030 are dianetrically.opposite each other and extend per pendi cul arly
0 the sl ot 2018 but do not extend out of the footprint of the piston. The
debs 2030 are integral with the piston body. The fluid device has a series

af U shaped guioges 2032 \Ahlleqtaengage t he webs 2030, as seen in F bvres 83

and 84. The gui Pronided withdwotopposes nerallek surdases mwhich
dhown) and so aislidenl1Q oo tThe oppobkité exydsaff theelider $10 are comnedtey tarové
di thin the resmgdtauﬁeanybpad&rdsamihezgnh&esaﬁg ¢1parfietapbmtddoeibinghen t he
drank case by %ﬁnéﬁnngxh@a@tilsr&dm:as&%e 'Il@di‘v.@&'ﬂl ehtvuh&aagl o

03:6 The gui;dq342982 G§ tsﬁaepL 2 v&{ﬁ A
gnd, a0 ELaBZV?éﬁ%%EﬂS errg FioTREe: z;ggs&ﬁ% B8 o't he
di des of the sFHEIVE IR ey Qﬁf 4eﬁ@° B’&Pﬁne 9 vses (e RiS9B 108 toho

drank case needisaor fajbrelavestodhe easpeetivie cylivdenandiar Sorthe connsetingsed 164ita her |
‘ecause t he welpivat@boOutigudgebn @it E0R) soaltsiinge thehphadsofthepjstéemt of the pi ston,
an existing crank case can be relatively easily nodified to take the crank

and pi ston assdipirgs 12he 20shswanmnte of vetiatMhbd tieyniide bufavesiof theggstad | y

i th the pistonnd@Scanebpdadng shefoRbnohe theadnihomenmd eri al .
ternatively, separate conponent' may be AVENDED SHEr 1PEA/ Al'!

EC 1/ AUO0/ 0028 FiRaediivd@dwi slidey 160 8dviag aSr-8haR d@ﬁg&ﬂeﬁ%ﬁt arehdeN@2@bst on
ssenbly built 4 %%nggtl%@Qﬁ%lgg the bearing surfaces of
“The We a

Hhe sl ot 2018 an re swta ated to grovide a hard

gearing SurfaC%@&:eqrses R et 144 Ha APk 110 ThAWH8:A1 Al bl @
urf ace. bﬂﬁq-tgelms \Pby Eg . %_0|0€ %ﬁ eprowdedto‘
fhe bearing §’ur 5?%‘ e ?389 st y. Figures 85 to
26 show botto Ia vi,ews of ent confi t| ons i ston web

gertl cal gui de?ﬁgﬁﬁgﬁ/&h Wﬁ!ﬁ%ﬁﬁé@ﬂn&@% eﬂgm ﬁg%% AN shown
n Figures 83 JRTATSAS SHAWNANCERSS segtioans d asbapehwt It?;iﬁénﬁf FF§ RIS
gorrespondi ng t1@%4 h26.imrcrossskectins forznaouordapper rigeoh2d.n Figures 81 to 84
re not ~o always shown, but it will be apparent that the gui des need to

Eave a shape cdrigetsplohdiovs a didend3@ heviag enarrorhkeaded sngmensptmeas KRolsca
Pi ston 2040 hawingggemsntngéamsadBidias web da84a%ardlh exieeding @ad divergingsrms 134

per pendi cul ar wﬁl@h@f@eﬁé@dgglﬁe dstomg a radial line. The web 2042 al so
gxtends beyond the piston's ci rcurnc erence. The web 2042 may be integral

2ith the ~s pi g e01r8 shovadavatierea ¥RSiRient Megty B4B6 shows a piston 2044
Ppaving two paral webs 2046 extending perpendicularly to the slot 2018

3l ong a dianet rme@ﬂe 119 é]ﬁ)wsT:h'f- %@e@éﬁﬁﬂ@hﬂaqy%& ﬁlléfhppérsézﬁlﬂoh@fe to
gngage gui des, BRAL A LGOS ﬁss

faxially ext eﬁdlvpﬁcﬁl\prs :?s ﬁ &d Q‘? I{/; l St on 2050
§aV|ngtvvo separat e .as l’(f ?}?‘ﬁﬁ hen e|n sl ots
20S4 in the pi REGRusieps, lﬂ?"ge (? egga e

#i gures 81 and F 8 shows a 2056 with a
gonstruction t(}:8 Ewgtfoo?% JFT f‘£ f°%iﬁ@1t8§ tsl? @ha’gﬁgéﬁtuf’?ﬁraﬁur%gg%%%OSS
#xtend beyond téh Bk 16’\3 fséom

fhavi ng two axi glistpn éncledes anpctingular m@dmmlmgzﬁgwhmwmsmmmg webs
2064 nount edsoont?Bhe crank case. Figure 90 shows a piston 2066 having an
gxially extending web 2068 which is |ocated at one end of the slot 2018 and
{s engaged by Figh=iFipsbvepd TehafDengapenest Bdans 100 avingiasemi-c0uldr havi ng a
%ingle integral rw@-bsiaﬂiézwéatéﬁ@éﬂh%}l %nstﬂé) & sHBIOTD42TRE phaMisig 19 Red

$ebs 2077, 207 3‘91 \éyea% ; s%teglnp %er?m%ﬂw%-g i}; ha ACXIEHth&e ol ot
Tt e a

2018 anng t he
: b%?]?%l esrls e SI e’to

: %cOf
5078 and 2079 e P 5@
Jeb 2077. ThE \@%E‘WQ@?‘%‘% Q‘}S]?srced apart and | ocated towards the

5nds of the slot 2018. Al three webs extend beyond the ss piston's
j:'l rcunf erence. AAAENDEs7 SHE= | PEA/ AU
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PCT/ AUCO’ 00281 Received 25-July -2001 szss.aa 31 Figure 93 showg%%% g231

FRE8O-stMrar—to—that of Figure 92 except that the two webs %ﬁ
jare nuch closer together and |located toward the centre of t 82091
gaddition, the single web 2077 remains within the piston's footprint. Figure
194 shows a pi ¥%/f 2082 having two T-shape@2w ebs 2084 extending s
gdianetrically opposite to each other perpendicular to the slot 2018. Figure
595 shows a piston 2086 sinmlar to that of Figure 94 but having a single
4Tshaped web 2088 extending fromthe mddle of the slot 2018. Figure 96
shows a pi st oTh2aQReidsaxiMgurt 8a T sishite eol thae bEFi20821 Tntncspt tebthsppet from t he

gcen”e of the egbonghl Surfldier 30/ §158¢ pistorSiy Moetdrtinabusiutis ptdvided witbans o
§centre but n % e. Fi gure 97 shovvs a piston 2494 simlar to that of
ﬁa

Figure 94 exc ‘t he T-shaped webs 2096 renain within the footprint of

t he piston. 8 t %93 ?@éh? (/- shaped axi al |y extendi ng
webs - 20100 V\:hIFgﬁng%% S%%Qgrom eeaceglt é* the sl ot 2018. is Figure 99

sshows a piston.201 aV|n & t he
o258 R it At ggﬂﬁmﬁgggﬂ spze
p| ston si nul ar"'1 L?rféheﬁms @2_8}5’?’8 ’hsgt
Jwebs 2074. Fi @Jﬁeanﬂolﬂ@ﬁm Vr"lgldl ng
gso per pendi culeaidlltwﬂbd*@;xmatﬁéﬁmﬂlﬂtﬂﬁhﬂéﬁml@ﬁé E'eB‘ﬁ@ES‘t

Zgui de nmenber (ﬂ&@&t@bewkasﬂ%sguﬁeaaﬂewmamﬁmm@mmﬁl ﬁldmu%h t wo

A!pal rs of L-shaped nmenbers 20108 define two axially extending T-shaped slots
#20110 with whigg @%Wgﬁa erapeneftrmeans B3luhjvieggage 232 28d Femimal r e
4103 shows a pi égé ﬁa\igggyﬁm%ﬁﬁﬁngﬁ]gﬁm 218cD39bn whitwh stwdmces,

“ﬂconcave surfa B £ PRI YoRRAL1E BEAIS nIRARSE onlthe
urfaces 20116 C|rc ar or any othér shape. Figure 104

éi?hows a pi storP?@ﬁ&%&ﬁé%‘ﬂ Stwo webs 20120 with convex surfaces 20122

Ficattre 105 SHEE 8 BronI o0 'Eﬁ' i I,Li"gmﬁ{?gﬁé Se of

& he Figure 150411%@271851'&?%5%01?@6\%8% ’opp STt e
i rections fromeybe usedta drivd dmeesgmntgbmor n{he pistbt may be symet ri cal
or asymetrically. Fiowe 106 shows a piston 20128 with t \ﬁeb 20130
Zhavi ng convex Eigufaz®skotse V-pvisl agire@09hagingansgans Hid 3 t he convex
Zsurface 20132 ¢eanmebtsg hivens30€ aruntedai thebigsénst 30303f8he BRpEDpistons
dPAA!  PCT/ AT RURAR iRt mvm iR haviuby gd@dor3sin Bil§omewhiol istreaabln

’=40I st on 20136, ha Rkt NConieBsn X MR NGe RefmRtdp odsed 1 2 lmve halati3ad at
#2018. Both b ﬁ%&% an &l thée&metcns ﬁﬁ%iﬂ)@én}gagss pi ston and are,
“opposite each 0 |gure | shows a%lston 20140"w th two axially
zpxtendi ng websyg g%&@&cm 89 sHiadd E&t@&d:ﬁ aﬁﬁg%%@ﬁemeﬂuag
gengages a corrle r&% sur c(s:%ZOp 51%1% u &3&%326}%4 may
iZhe arcuate, el P} |t b %y

& egul ar or i rr@@%ﬂe&mg Sﬁ ?%’iﬁé’r KHFYEEC?@XB&

i gures 92 asndvmqfr@mavﬁahlgmzeﬁ&222@15h9ww~.%w0a¢té PE IV ingle gxis joint o

Lr 0Ss- sect i on. akelieypr joiftelnbesnigtigentchownnbe ae:ng’a’b@e&tﬁad armallplde thét eb~al
th the housi gigtf Dr4. FhevaicothelGhay edtesd ebahytdnglenebs extend from the
nder si de of the piston 20146.
The guides 320 aid in stabilising the respective piston 302 because the tolerances
required can result in the piston 302 rotating very slightly in the bore and cause
20 seizing or the like. If very tight tolerances are used, the guides 320 may not be
needed. The guides 320 may be integral with the crank case or may be separate
iterns attached to the crank by way of bolts and the like

The gudgeon pins 310 of the pistons 302 may be at 90° to the crank axis as no
rotational movement of the connecting rod 312 relative to the piston 302 will

35 occur. Use of the pistons 302 with gudgeon pins 310 allows one to use “off the
shelf” pistons.
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FiQUre 110 shows a piston 20150 having two webs 20152 extendi ng downwar ds

f+em t he-ratn body--of- the piston separately fromthe housing far Pﬁq/ﬁb%/bozg]
018. Each web is formed of two arms 20153, 20154 whi ch extendRateiPQ; 49 :

ach other. ,s The arnms nmay extend at othel, angles. F t~ure | 11 shows :TaUyzool
i ston 2072, sTHf¥ar to that in Figure 1002,r3 except that webs ZO155 extend
eyond the footprint of piston 2072. Fieure 112 shows a piston 20156 with
wo axially extending webs 20158. The webs 20158 have, in cross section, a

shroom shape. 2o Figure 113 shows a piston 20160 \Mh%h.é _rgl
¢xt endi ng websFi1630 showha schemuaticdaysayel 2 Net"AB §8 o t%‘eﬁlsﬁ E}S 18.
figure 114 shops,a ii#he332@46@ connedtiag means B3d meruied AR the %%m‘%aﬂh
d on

our axially eziﬁ&@rﬁguﬂmanmasﬁmem@nmmé andth e T GoULFE
ither side of the slot 2018. The arrangenent of the four wehs. is .

referably symetiricahnRbmigtis peoviiel whioh retaes abmaapiastm{)wa}zétol@say%m a
i ston 20170 Hﬁq Em rl‘u‘ webR pivtothblyshoumed oBsth Thesansaeking r om
he undersidé of & gﬁ@(ﬁé a&gl%faﬁk%%gmmmmemf@ﬁwwims%

11 pt TP oy -
rcol ar - per | pOFAheRTEER ; r‘ﬁ%ﬁ%ﬁﬁ%@ﬁ
;eh;vi ng a

20178 havi ng f 3at- B¢ sleveereak 3desad : 2 mége WA

deri pher al sur fnses 884 e fized ogientafipy as Gie prMAY & gi_ %@

gubst anti al | i rpgreahanithaythisstabilibatRechniqueanell PRyUERd "8 §0Y FE° gui de
nber 20184 i spiyydagsads dekdribedmeramint ed to the circunference of the

iston. 3" Figure 118 shows a piston 2018b simlar to that of Figure 90

Hxcept that twriguedn sMR% s2QkEA cagse-spotion thrnghi g endAdl &1d 2 sRANSPBIZ 2018,

4-LI E~I DED SHE , ~EARAY TP63-A08) 302813 eiesiongacdiend uienod®l whichds a 33

Bi o~ure 119 shaq | B &€ 1y Bepazitd Pitansi(eotchogn).

R . e&%ﬁﬁfgf g@oé%%geg?m%ﬁs@%%d%;g@ 2 i

y fromthe housing of slot 2018. Each web

20192 h l@ati NG asiAe SHEE iayith adiffeséra :
desired. | F?’S%?‘ﬁc*z ' g%%%%é“% ; stﬁgﬁi&@gﬁggﬁﬁﬁﬁ%& e 217 20108
gnd 20199. T PHREC { th | ot 20i 8
"'ni | st web 2019‘@%‘%&%9“%@@5’“ B?’i“&%’iegtgsr Eﬁ@g o!egégc%% sé? frgmstge sl 1)t

2018. Preferably all_three webs extend radial f I : aaure
421 shows a pi si'8H R/ U 8331 fh&ke% g@%‘%ﬁ%}?xﬁgn ig%gtc}ﬂ:i L1y.
Fhe gui de web 20kgh inarsagsh @alr-ehaped s Wt@ﬁ?}%ﬁ 3l Uttt Wacgi%gg
#0206. Pr ef eralid 36, 378 meaycbeogrobed to pingle piston oF OHEPFRKIPIIONSB. Fi gure 122
ghows a piston 20207 having three axially extending sgui de S %%298, 20210
4nd 20212. Qui dEicusBPIROS 4 sonnestingtneansaFODAGINg e Lot5382.538¢+ Farh slgfhiage
YWeb 20210 is F-shahepe inhich s the corespondihg ksgagguied bmaaned®o, 39212 has a
gentral spine with arms 20216 and 20218 extending fromits side. The arns
20216 and ~s 20RigBrenddshewea tormestingmeansd K tavang twostiefs 82, 3%4dn mdialpgres hows
4 pi ston 20220 Raxived eAkadeatmt neass 39, 368. 120323 imthendletd amarollecheasinge4®? t he
gl ot 2018 by,axis:iPiiivest4L4r thEhBchQintedl hedfPRb, 808 aBRgale sluisdby3Bixlendi ng
gui de 20226 TOURHPEe BbrkOfedd BAKKE Boinel 160 RHALE Broded R iREANIAAMhaeD two

@r nore rollers 8% eltther si ot 2018. "zo Figure 124 shows a
g

=}

_i ston 20228 ha§} two rectangul ar section tubes 20230 extending axially

gn either side of the slof 2018  Th : r LmkB@gba@ne
@nd and recei vepﬁj ?? 2;%“%%@6 &%gﬁé#%’@%m&%ﬁ??&%ﬁ%fﬁ% E%N(%}g%
# gure 125 showd i qﬁé@%:{lﬁnﬁ é AP RS540 gUT de we 34
gxt endi ng axPal $9tsgHSefiher side of the slot 2018. is F aQure 1Z6 shows a
#i ston 20236 having a_gui de web 20238 with triangul ar..i ndents 2024 4, its
o si dewal k. Shoos ¢ sommsisn g MRIPETSUTOR SovBes iy
t endi ng gui de4dhr 20244 and a horizontal slide bar 20246. The bar 20244

gixt ends fromthe | ower surface of the main body 20248 of the piston 20242.
tHhe horizontal Dbigur@d@4Bowsa connecting means 430 having a T-shaped engagement means

432 having arms 434 and 436 which descend divergently. The upper and lower

35 surfaces 438 and 440 may be parallel, as shown in arm 434 and arm 436, or
divergent. The piston has a series of opposed roller bearings 442 which engage the
upper and lower surfaces 438 and 440. As examples, the centre line of the arms
434 and 436 may be at between 25° and 50° to the big end axis.
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ao mounted on an inner side of the verti caI bar 20244. The bar 20246 is
~eRgaged-by—a-sui-table engagenent means on the connecting neans whilst the
fvertical bar 20244 is engaged by a suitable guide surface nounted an the
jcrank case. Figures 130 to 132 show a piston 20250 with a vertical guide
jbar 20252 and%&*dvori zontal bar 20254.. Thé&dhorizontal bzr 20254 has a
jre-entrant slot 20256 for ss slideably engaging a corresponding tongue on a
connecting means. Figures 133 to 135 show a piston 20258 having a mai n body
'20260 Rot at abl y nmounted to the main body by a gudgeon gin 20262 is a
gen~. " enent ~gurp§gm@§a,@&o A7 IShE¥ ik SHE atibidséible of BT LowIECHOD beWeRatls ved 25
YJuly 2001 SZS$§. @g{mea@m&ep@wﬁdﬁqmﬂommm I'y

Ri¢Se
Yext endi ng port é%é‘ ﬁE pgld)ﬁrﬁkequZOZGS The
ghori zontal por Fr&R™ e[ﬁ)g S o%h%éjfgﬁ clr‘r Sii deabl y recei ves a

Xonpl i nentary t.ongu the connect kn |on
220268 is enga ﬂ‘%qﬁm HS? h %%ﬂ S8 E onﬁ’gﬂi

4 hat the verst % BYIPM?FF”%

shori zontal |y edendirigidlydoin: hythﬁkaE? aq7 1'%'60?’8“]13

0272 with a Zhshepeshrdeoting metad 512 movaiediongespeniie bigen 5 abI y
engages a cowr&dnﬁem@meaw mm@amﬁwmmglmsomm@mzw
jengage gui des gp ﬁ%sgqe%gﬁé@smewaﬁuemﬁestmemagm’rsﬂemblsathrn ston

P ssenbly 20276 | r B3 pAPRAR iiberds from the base of
5t he main bo&oy ‘?8 aé&%%ulstt%oncgwug&r| zgnt al bar 20282 is nounted on

# he main body 280 i IhE@ it tiidygur es
342 to 144 sho %b?g gg‘“ﬂ% gﬁlﬁwl &?%p égﬂ@q%%ﬂm ~S an
k& ngagenent/gur’a’éatﬁé%% 'cectfimf"gct gn@g?gd% ins_.or olts
;0288 The engﬁg@@&ﬂgﬁ%@@%%@ﬂlﬂ@ ‘éﬁsﬁl %5890 aad a
@Xross bar 20292. Munted on the cross bar 20292 .is a ho“éﬂg{g t endi ng
%shaped engageHigure A2 shews aaggmw%ﬂhe@md%ds@%é%?ﬁﬂf AL %@I%Iaﬁ the of
& he two ver t catmyeieddhbasme.20290. This nmenber 20294 is engaged by the
%:onnectr ng zo nmeans. Figures 146 to 147 show an assenbly 20296 simlar to
%ﬂr;at of Fi gur eSVHiER theocdséctingimaans SﬁZmrﬁeengalghﬁémW@mIB@ﬁé{%‘é%Wgﬁaoo i's
unted to the 5W'ﬂeMﬁlQ@%§§eﬁﬂe\bﬁﬁ lohdihgon 20ikagEI50 7 adsearding! 209800 i
unted to thesﬁﬁﬁk%@ ha%ag rovidbAdg@ensigd of Be3RRayhbChteexeeemds i n t he

| ane of the t he assenbly 20300 may pivot about the pins
#®0302. Fidwes shovv- a piston assembly 20304 having a main body
20306 on which §§m@¢n 40808 thibemBsdigEnt y is
Frounted to tzﬂe#ﬁ%lrrggg%‘gg E‘a S@BF&E% S% & 5%0&‘% bar
20309 of the a%%‘érrﬂ} aqéaggétefgv% 8';:1 ﬁﬁ%thbsx en |8g Ssqé&g

53~ ﬁglﬁar ngsggr H@%bmee@mpbaméqrma W shovay OtR§ Bisto ﬁ%\ P

W he engagenent spaadsEaéh fokags SBBrIYwiahIQBDOM@ §Q3§ﬁ°t§§=§€ 11

shavi ag a guige/se0gThe seddr Sﬁeamor%ﬁaﬂﬁdrmmuvedfettmauhbymdtslﬁaawnééé%zndn a
-‘:r n 20324. A cipessdsinudd .extends between vertical nenmbers 20328 and

zgngagenent assenbly 52103?_»1%% badevr& EO0iOSIEr Rake BAe4 48 050 devides dirhaygng theo
#pars 20336 and Eztn'_u Q erZR?I%@ EH%En&'hﬁ tn‘i&nh’@ﬂé iscal
#gui de bats 203 egr t r sr g Epofs%&%‘? ]:% dyar bas a
#- shaped sl ot ﬂf@‘gg ga{‘ ] G507 Ub{.t#? Yﬁﬁ 6?? ?ul y
001 97ss. aa03PIEPRLS 1 %“dl@ &ﬂF%W"&E@@% § S

&¥i gures 154 to thaseo@@@t;pgmm Rach agpead isass 151085 4 %]FEE han
Faving a T- shapgdhsFigure #8 devies. Tigtarts 612@Zo§abwﬁ¢fahbfs@ﬁm ?@%&‘23 m_| ar
20 that of Figuiks, batihisis hoOessttial Buttien 1taspors¢swntiab&yatgﬂ@aﬁthb>big awsisens
20346 so that Rh¥@itb@& e Rekre BORR dInBecting means. Preferably the two cranks 602, 604

kol 35 are located either side of the centre of the connecting means 606.

Figure 52 shows a further embodiment of the invention which mcludes an opposed
piston device 700 having pistons 702 reciprocating in cylinders 704. The pistons
702 are ncldly joined by linkage 706 and so move tbcrether Mounted between the
pistons is a crank 708 which rotates about axis 710. The crank 708 has a circular
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Fi bwr es 163 to 165 show a pi-ston assenbl y 20350 having a gui de/engagerrent
ms‘?ﬁsﬁ%nﬂmﬂ“ma pin or cross bar 20354 of the piston bodCRAIR/0023;
%he pin or cross bar 20354 tray be separate fromor integral \/Récblvécﬁ‘%?@l %001
%

0356. The assenbly is retained on the cross bar 20354 by bolt 20358.
ioQures 166 868 show a gui de/engagerrer2t5 assenbly 20360 simlar to that
~0 F bwes 154 to 156 but retained on the piston body 20362 by two pins
0364. Figures 169 to 171 show a piston assenbly 20366 functionally
dentical to that of F?wes 166 to |68 but in which there is _a single
nitary structdisie7sdehieh iy offeet feen thecmlis Gi0,devingbts 2eupsaloH 4381 8588 of the
shori zont al eng@ﬁmmr&a@&%mmthmmﬁyﬁn@howmmoweﬁmowa
i ston assenblye ?M%%otf&léd?&%?% Thedé FRWERS7 160beaz 9ginst viertioahi ch a

dhorizontal slo g&irgg] Vel dtiviehs tohilegt 70gbaeans.
&igures 175 to U(f‘f i'S dand% égﬁﬁ% b g, h's%?tﬁéertr cal
Fui de bar 2037t alzanﬁ'ﬂz W&? r‘fﬁw g dependi romthe

Bui de bar za XoBpefermsqobth 180 show a piston assenbly functionally
# dentical to the Fi ggres 130 to 132 enbodi t exrélsgt t hat he re ent r ant
&1 ot 20380 i s Migure ahcerrswnglﬁelﬁs%fl%‘ﬁ%zg@ GBS g 83 show
# piston assemwmﬂﬁmmmgsmFmﬁlé‘}W PE@PE)@PPSO GM@? 8Hdi ng
Fromthe pist ommaa@mmm@w%mmbmnmﬁhewﬂw ¥ he
Bars 20452 gndppxd gRldsnéabdrzent This yeenThe 764 dsobated tesslat of tepiorshaped sl ot

}'0458 which re 85 RAMHINEE thePeich AReAbIgiThnmaleaxisofitet | Xi g
3 &e %ﬁ’ éﬁg&@fhﬁ SHga piston assembly 20460 havi ng a pi ston body

:-'0462'50 from W escends a gui de bar/engagerrent assenbly 20464. This
gssenbl y 204_64 LG ydsRo §%;@ﬂ o ROGRISOE R Qﬁra ﬁ%@@ $pavirng a cross
¥ N

5 ap

3 - shaped tongu %Esh'f%ﬁlc ?1 m ver | gpli& 8@&8 8843172
s@escends torﬁtﬁ@qﬂté{l@rﬂ% tw
ntegral with 86é "Elmfgu@mmmk r%fi QﬁFeQ ° The

Hui de bar 20472mps,&16r &I cewnmggnmmzﬁhefth@wbwﬁ cM9§§

}AH ENDED SHE=aatePiolioMdrs 8 PGThikbeasanaBe cRindzr 868ianbwhichytrarghte the §§cﬂéats:e

ki gures 187 tong&ﬁmsmeamgrgggmo&m@%cﬁua@ﬁmmpmaﬁglmcp’ilmdtrraxtscﬁi)ﬁ 20476
:4nd a gui de/gng ng.gg%?t senpl t&@é@ﬁhﬁ y Ghahl YainBf@bedobsurdtinkhely 20476

Wy gudgeon pin 815&@@ eﬁ@&ﬁeax&%émsemm si ng
gertical leg 2 7'2“15;’1 @ n rog(g a%tmé o gg;%gﬁggﬁgsng@
§ shaped sl ot ZeREGHCS the §Y P’a certw T QUL %
dongue on the CEHIFEAITNEES JUCIRPER SPEH é)ésglﬁ gmgr sdfeon assenpl y
220490 havi ng a9t pitamsdy 20492 with four vertical and parallel guide bars

¥

40494 ext endi na:ﬂdownwards The four bars 20494 are | ocat S‘%r]ﬂf‘% 3he corners

| IJI

4t a squar e xertigese Srehows adewt pinger engng: PG pymg

:Hngagenent nearss2Ods §33. Emhﬁsaﬁh’ylymrhﬂé@mﬁ%Wﬁeéﬁ g rigt

40498 and is | ababddr bgtalimkngd 838, \IénetprsrarhsWaf@aﬁawe@bhmmpwwéﬁgagerrent
teans i ncl udes glihlads 8360ss bar 20500 which may engage in a T-shaped sl ot
N the connecting nmeans. ,s Figures 193 to 195 show a piston assenbly 20502

Having a pi stomgqmgg@@ﬁsm&slatwmﬂgmm@ bemip| throB @b 06 litkege hed

0 the body 3%058% Excﬁmt@z R vgﬁ%aﬁéﬁﬁﬂﬁkﬁﬁ%aﬁodmﬁ@eﬁemklbcala post
190510 and a 11 1ghelEos ! L2 DL NG o DL 248! BAGAldarRAlLis FRE!S mde 14,
#ach arranged a CONEL S nt ed to the underside of the first
dr oss bar 2051?’%@5(5’&%?1{?53“%’5&5 gt oss so bar 20516 which i s engaged by
4 corresponding, T-s t on t t re
496 there is s ﬁ“ﬁ‘? gﬁﬁ‘ﬁ{erdhﬂgrrs 894%?5%2
Bi stons 3014 r ‘i”aﬁ YP%W ‘P%"“@Eﬂ %d&rﬁfé%%&r sm
74018 r ot at abBy qreRinhesie eirculareanl A NhicioRe aéfzetcﬁ’é""%:rf’ﬁ

_onnectr ng necﬁﬁrﬁwn:@e!lﬁew@& orrthe crepliasis andeerbeibs Cmm%c aliiﬂgj
Hods 3024 conneninscédife abiththescr@iiZ2xini THis thsey the plidaridde tp e iyegFaly t he
_.onnectr ng rodshodidhiAlyaeRtivotadleraikl @sdied to the piston 3014 and nenbers

filrder 3028. The slider 3028 defines a linear slot parallel to the
ilespective cylinder axis 3030. so The internmedi ate nenber 3022 is thus
#Monstrained to nove parallel to the cylinder axis 3030. The connector 3018
fis limted to notion relative to the nenbers 3022 which is perpendicular to
-fhe cylinder axis 3030 and so as the%ﬁ' . .-rotates the pistons 3014
Mre caused to follow a true sinusoida Q Fbure 197 shows an enbodi nment
Mimlar to that of F aure 196 and accor |1gﬁy the as sanme nunbers are used
or |like parts. In the Fiawe 197 enbodi ment the




i nter rredl ate menbers 3022 engage in sli ders 3040 which are pivot ed about a
n--axi~s—3042:--Thi s axi $'Ts on a |ine passing through the CraBKT@XU@O/()uzsl

04; which bisects the angle between the two cylinder axes.30RQceiVeue2s Julyzoc)l

#sliders 3040 may be rotated about the axis 3042 so that the slider axe

$P046 ate not pPEdrlel to the ao cylinder a¥es 3030. This causes the

A nternedi ate nenbers to travel at an angle to A~1AENDI -~ ~r, c= ~WAU

#CT/ AU0O0/ 00281 Received 25 July 2001 vzss.a~ 37 the cylinder axes, so

s educing the effective stroke of the device. Sideways notion of the

A ntermedi at e nvaﬂﬁemsmaaag of Bhedlides 94a it Kvspi disdo she wertical dresdomtaddhdstidehe

@i votabl e con vef l@@ eegémmeswﬁnﬁqidraenﬁp@oaeeémmuﬂistbﬁe

i ston and ne mamggcondary si nusoi dal
Fmotion due to EI SR gla ‘lﬁgzlr?n*oa?il !ﬁe Sl nusm m)tl oa caused by the

Fotati ft 3012., F 1 t hat
Df the Fi gureh?@%ra?%nktg He Sﬂ?ﬁﬂb%r.ggd‘%gﬁ 8% hgrg‘%te :
Hxes 3050, 3058 quetnp, Fﬁ‘?ﬂ’%s“i%? "d'lw rﬁ "ﬁ%g sliders

38040 about thewﬂle&fébrmowsta@ph@nogaﬁ@oug - stroke
q eagth and notImsteadfthe headpis stnsfer@Daver mgssmfmmm@nai% thﬁiﬂb@ﬁru n

Ahi ch the i nt egeegi@feniihéider SAA3 tkngaps3d.n a unitary slider 3060, which
Mn tumis rotatably nounted on the crank itself; so as to be trotatable

#bout the cr anlﬁo@ﬁsssﬁﬁfém&ﬂw a Ha@rpm@ﬁ ehgian 8650 sifiilarhe thet 0§ Fighire 56 atd on,

hi s enbodi I)Dﬁe éé:ﬁ@ndd?@er?'[ﬁ%ﬁeir@%dﬁﬂéiﬂﬂmf&sﬁdew&sz
Figure 200 s %ﬁ o i YALLALE rbftﬂe st P gﬁees@da@as%%meﬁhsozz
; re nount ed i n®SIH A€} p,; vot.e A?,- LRBgts it ires
597 and 198 defHEESD F‘?)F%‘E Isn 67 8&? f%&r ﬁ%ﬂ the
#otion and strgl@éhldéﬁ&%ﬂéfﬁtﬁﬁﬁé ?Bisg c é‘ﬁﬂ&

dhaving a two palot. Ehmmfw‘s@ht’w@dmgsiaemgﬁbﬂe@§ i BEGTS nner
i ston 3074.1s Thee Oﬂﬂﬁrshﬁeﬂ&ﬁﬂﬁ&l@nekme'qmtimlskntt%l%ﬂlehéﬂeﬁ@eéﬁsmtﬂ of the
wearlier enbodi ERMhE thd Benttd8Ethe Bhmt8an, 3074 is slidably nounted in the outer
@i ston 3072 for notion parallel to the cylinder axis. A |linkage system 3076
onnects | nnerpmg@m &%ésh@w&fS&C;ﬁﬁtdﬁrdﬁvﬁdeehmmg@anﬁﬁﬂﬁismar&ﬁédbl n a
%econdary sl i dg30 %&B&ﬂﬁ&dfh 1lsioq&qm§raq eﬁee@iaﬂm habingendreells
ndependent | y zg %9@ BB Ris MR exkdgiops €S

“bf the pri mary o re paraai IE S{ P 4 does
Hot nove reldt 8061815 jtig pigton ﬁéﬁg Epéhre]o?dl %éé t he
s nner pi ston mﬂﬁé@sr e \F@HtIBaXP%P%%’?‘E}e d?é‘tcé’ﬁmé%nP B?rgﬁ?( es and

g he sliding nestraks3G&avel along the respective slides. so It wi II al so be
#oted that the internmediate menber 3022 is pivotably nounted on t on
“8072, di spensi Atrewirauk incdudse aneffsetrirentag cas ﬁ?ﬂo‘@h’@beﬂﬁg@ﬁg@e@ W%é&%‘é of
3 i eedom t her e &78a pr Agithe dranksetates gthe caini &T2rgusasiiodh pEESA 8GR, drtojrgeiprocate
s);,gu vot abl y atiacheackit Rspbiviedydindere mit showenber 3022. The two sliders can
zal so be noved si deways al ong axis 3086 so as to change the ss displ acenent
Zor the conpres S.VEﬂstrtE& Pt sghe 6deribedimeth @isss dlean pearimpvdirretly cafthe brd t wo

&bl FdeLS may be yhnde Wle&t @t@@ﬂﬁm%hd%a&isun@mﬁ@f@mcﬁﬁ@m od57A, B C
#nd D. A’>AENDE~ %EEE GT/ AU00/ 00281 Recei ved 25 July 2D01
Sho

;zaa a~ 38 F ~mre an m nor variation on the Figure 201 device in

0 5o RSB D e g it

| u~t her ni nSr RAEF A5 POR %Szil’i%entl on havi ng an L-shaped i nternediate

i@rember 3090 rotat ab ted.on a rre er e s Ehnd092
-z. ides in slid {A‘X%n%gﬁ 'Dﬁ‘?rf??ﬁeg ?gd-ﬁqlehcnd W%? | sénot
W ocated on the Sgloﬁdb n%a%@l%ice GBS OF HFNE. 011‘3(}?‘5’:??6%&@ Sfff ows
@ hat for Fi gur 87904, the ethempisten. ecm ﬁ ﬁh’éﬁﬁ‘éfﬁﬁﬁ‘ﬁﬁ‘d@ﬁﬁ %% he
aure 201 deviteth pistods. Sthwill boappretiatod thek ehapiston $&9rmavaﬁatpw&ds@@1méss a

% ot at abl e foisl @8 theldHienbegdng 6 the rédpeodveentowsll BR@sill phsit thd pix2on 36idis as
iz he follower @ih% hﬁit%itﬁel m@b@;ﬁ@%t ﬁiimﬂi&r&ﬂ%@é&ﬂ@l may
e vari ed. The ? :g%e é‘%ﬁw&%&t‘? ‘ﬁg n‘%‘ﬂ’é Michder
@ontrol of the Rrarv LOTE s (S j tée

i fnvention and |°§a’§f‘rﬁ‘ﬁ "h ﬂ%’q::pg eats on orfe end

_i"

(')

all of each piston, the likelithood of ; Ja:mmng is rcduc“d.

AMENCED SHz==
PEA/AL



, S deuce. In the Figure 207 embodi nment, slot 3110 is arcuate and arcuat e
‘h‘ab‘ed fortower 3112°is provided to slide in the slot 31 10. The ]?:(g?ﬁ{é(BO/G(bzgl
§4 i s pivotably nounted by way of an eccentric 3116 about axis %Md%hiusyz()m
dnabl es the si dehays position of the slot 3110 to be varied. The radius

df t he sl ot 3116”?19&%// be any value. Fig.ire 28 is a further variation of the
ji gure 207 device and is simlar to the zo Fidwe 207 device, except that

t-f_ slot 312U on the carrier 3122 is not arcuate but follows a nufti radius
gat h. To accommodate this the slider 3124 includes two rotatable followers
[126. Thus as tHigursl63dshowdla2v-twmiy deviet 83sintiler ¢ it ofiPigures 330049 18 whichay s

del ative to th&aﬁy‘ﬂ)édﬂﬂai‘r 6n eddwalteof thefpidibues. Alsisdel, ke parts dkve theaatne 't he

Bnt er nedi ate Gﬁmag @g,ay 8192 Vet ddzl 384rmel ptovidded wikich

doget her at aX'améllglﬁ _,[t% i plevtat aatwg& RbtIEE 1 YR Rifatl

hi ch a connectl 8 |vota connecte to a plston 3132 and an
ignt er medi ate ® /@0 ‘ot her enbodi nents, the i nt er nedi at e

;-nber 3134 is vab S|de VS .r i 0 n n the
% g end 3138 orFig \AQFFB“?EF “g?a%ﬁ‘@n% ikt b %ﬂ%ﬁ ?ﬁ‘
gonnected to aW@WﬁﬂS\e&WﬁW‘&fi Rl S

o i mary carri erwBithehe Ttack 866 ektendg (e sl \pétoa«ml @Wé’“&é@bndary
garrier 3148 attra’i:]sﬁ&se"ﬁitt&mmetﬁ)iuda‘edaehdmtéod{%magbﬂpomvmﬂ@ﬁte(m@kam s 31
#2. This axi g Jhadcetie 416 wallpendi cul ar to the cylinder axis or at an angle
&t her than 90. AS can be seen, the internediate nenber 3134 may be noved

3 deways as so tiBate sh&dwsr@s d>]£é'eﬁi 9 I0ehAYirkoswip @ppdsed Piion=0ud. 3158 of

the connecting b1 £5a8L cﬁhé" o%Qzettfastl ﬁ:&ﬂchﬁé?&S%é:
&159. Figure 20 d%& ayv ﬁzsag%é: #, ocr ank
2000, connect i ﬁhﬁl?ﬁ’% Fﬁ g_gg%%en n’ cP :

4 vot abl y conn F RIS HBISS 88 p

I _e A~t ~NDJsHE24, PREAT ese Mpcpww&?@é/ﬁfz@gaae |r e‘a~ 39
3t er nedi at e nespii line betweet thaitwe ghideys 92@@63@9&&/&’&9@%30?01?1&@@%6 @fﬁnﬁour
t] ame nenbers 3dide. 321 S, 3216 and 3217 which are pivotably nmounted
;‘get her at A, B, C and D. The height of the frame is the sane as that of
Bhe internedi at Bigiedbe sh@208n MibonifRerdtionseotsh Joke esgipe 030 having twhatston

§f deways noti Onaseémt»hes b3 er3aedi ‘abat TeabekssaRbE BHkniaperthpsBdiag sud2as of s

gossi bi e. The, ?Aga o pisih %ﬁ&ﬁtcﬁdz&}éﬁtﬁ%ﬂﬁt&h&a& ﬁe@@haéritﬁ&ewsslml ly

“8"’&~

,ves t he |nt"er i gﬁeﬁg Uy SRS %&geaaﬁt‘é@@ Q%ctrsods

3210 to pivot u L ORe thé’cen evi ce.

nus the conpr e%%‘? %W‘iﬁ §3el BFTEEFT B’hanged whi | st the stroke

Zemai ns t he sa erring to Figyres 210 to.217 there sho uid
devi ce 4010 ha ?ﬁ% tzsa QPF‘??P&‘%HW a%ﬁlty 99"2 ‘§§% gh@?gg_g @%ﬁét’%]"

Bj stons 4014 re@ﬁapl( € the gsaepide msludss garth ‘ég\? WFV@’EFr% n‘omfﬂe t Wo
stons 4014 zar e)ggﬁmém 962t$@hemm%%%u@tgyﬁgﬂw i der mechani sm
18, which is ntatably nounted on the big end 4020 of the crank 4012. The
g end 4020 exFiguis 6Bshowen slidtrsassnably, 9%54(oornted oma bigiends9¥h i pss sentpdy

i der 4018 hashiswd-cahppetd 958 969, &RRHIWiichbedrs azdimsy oneghe sides of a slot

gorrespondi ng SbP&%o&Qg]Lgoﬁ g&@ﬁaékrbftthet@b%bapanétﬂiﬂas oop962 ertactk
pe e el s e b
4 ea of each® %‘g ‘%P cﬁ%&g éﬂ%ra t%m étg@ e ﬁ]a}(r gr%lg e

1

S t
S ther side of tRE teRedy cn&e%aﬁacﬁ gdd%f’f%ﬁr "bar exi ends
#iel ow t he sl ot 4026to rd the crank |s 4013. ., Wai L.st t bars 4 8
# ston are showhlSUre 6 shpwpa sghg@é?ra @QSWWF‘QOS%O FSPEP %@‘g
Bar s ‘per pi st anmvaptascon easn 968Each campasenHRfGengages ecsides @ﬁfhf-'tg“’f@sm
gssential that piseyn dsseinbbatadh symponert 066 liy turelincimprised af o parts 969, 970
&yl i nder/ pi stonliakedby lihkagesroy2ntilie Lskire PMAshay baddidipataded taeachf t he sl ot

F|

#026 or asyunmmetginpahent RpivAhblythélafed A correspondi ng nunber of guides
A030 (Figure 21 ~) are provided for the guide bars 4028 and are attached or

Entegral with t%é?@‘%ﬂ%@ 8.de EHROGK 8 Her s eIMBly Rﬁﬁﬁhcﬁlﬂhd

#ncl udes a U-sh 9&:5{:% ar 40

#eci procat es. 7@%?@@ %‘J I gure?’“&ﬁ%ﬂgﬁ%&!ﬁ? Q-Agl g end 4020 is
Bupported by two webs 4022. The gui de bars 4028 are positioned on the

i ston 4014 to lie between the two webs 4022 when viewed fromthe side. In
@ddi tion, as best seen in F b~twes 210 to Z 13, the guide bars 4028 extend
® ong a pI ane parallel to the cyl AMENDED@KETOwar d t he crank axis 4013.
#hus the provision of the gui de bars BB%&Unot require as additional space
#n the crank case. As the crank 4012 rotates, the pistons 40l 4 reciprocate

the| r cyI i nders 4016 and ~as seen |n F| gures 210 to 213 the gw de bar s

A NSNS o, o v o - T Lk



gzss. ao~ the swept volunme of the crank shaft as possible. This allows far a

gconpact configuration, Wth the distance between the piston crom@ﬂg@ngl

icrank axis 4013 to be mnimsed, Referring to Figure 218, therleecgﬁ,eébgm 3001

#fluid device 5010 having a crank 5012 5 Wl leh rotates about a crank axi d
014 and has a?ﬁfjf“@ end 5016 with a big end®%xis 5018. Mounted on the big

%nd 5016 is a connecting neans 5420, which may rotate oa the big end 5016
bout big end axis 5018. The connecti ng neans 5020 includes a |linear slot

%022 in which an engagenent neans 5024 is received. The engagenent neans

Jmay nove al onFigtwe Al sHowsQR2 paktyofd slidiengssembly havitgs slidepsompobadt9i7ags or

Avia ot her nmeanshichiedpigd 20t biten@aueTe Mheronipondiidds amiain bbdgpPsd and ’

3 herewi th, is @neisdon,HoR orﬁﬂ!f&%a%ewe@%ﬂdftﬁe Qut ariiesld WP Bain®ody |

jeciprocal motdgn,gl ARG o LHSL oRXT £ il JNCrBRELMRRALCIEGARe S024 1 S 11

he formof a trlaor}]%ﬁ&? oog and the ggn ectl| c§ ﬁﬁﬁ E %g?%

Hosi ti oned o GHIROTEREY (S Along the Syriacs S ﬁﬁgﬁr’aﬂiﬁ o‘g glﬁfgﬁéﬁ axi s

%5018 bet ween tifemdhesunfeced34 iy suibicisntlysgnlispatet PIAC 86 oats

onstrai ned t omafimafeilendras ley velosdy itigisepmoed byibe sllery@82.he crank 5012

#otates, the slot 5022 remains horizontal with the connecting means 5020

Jovi ng bot h vefigineal2 shovesmislivky rsagrmthe whicst the jlidar¢omipgaenidgs, engegeathse to

4 he engagenentcaip 888 byavhaolidi@oef ect of this arrangenent is that the

#rank axis may be moved nearer the cylinder head 5032 than otherw se.

i#igure 219 ghomguse YRERGRTY PRt pirfelifdrGseentd} 892 ibadp parts 993, 9ok enpagihd

Parts and arr algaERIRS ﬁfsfot?g%'?ﬁé@v@ £8Pdre fGhed B pAROGIE; 987 wHIEIREISsely

ccordingly, the zs %%gfggéj éeﬁa%r®ga§§9§[j,%m§1&§ﬁ%§5§ R ibricdddnt Ne
Lgﬁzgﬁ gﬁgl gie(\a/ét.%%?ﬁ %rfm§%%%§ef?%ag§§<5§? ARPHRREY; ﬁ%ig?%tiﬁ‘léﬁégfpra%elrr;nt
: [ [ X Fi re 218. Fi 20 i

b ch, i n_ some i@ 14 Sowet ik aryenply 000 B @@ﬁ‘g@@@?%‘ o 39%@4}? e
%@o devi ce B050f 3 prn1986. kinkagesid 08850in adjasant wids of Hsdwo mry 190% B986 End

i g end axi s iBageComydnt figigiymrarisosblymtiashedspdhapaes- rount ed on big end
#axi s 5058. Two co-axial cylinders 5062 are provided with respectiye pistons
#5064 nount ed aBighoe 7frehowona alidergssambly baviog apivatabideee TRED iqining dipgoralinsg
qs renote fronoppdsitezA66of AvEENDEDs St d3fedhttly 101RCT/ ALTO0/ 00281 Recei ved 25
guly 2p01 41 The two pistons 5064 are nounted on or integral with a comon
“bngagement meaRizubd 68 shoves & brank 19aAeaidgya fliss kirpeldr odrnh 1046 which i567grged
gxtendi ng avayh{ ERMy pHsS 0206f020PRedRbAbbAm 10PPisAbEASD I ettt ErecirsatandOr t o
ghe axis 5066 Rldpblihdoleh AP TRsEld 3016 AP ag_éseaf S4R b Yo dr022 iBuBESD
5X1 malL L. d- )

: ‘sfd \ .
sextends from appr Wwa t& I stons 5064, but again this
ﬁs not essenti %@W&%@%@G‘?@“&ﬁéﬁbgs Eeg’o?:onnécti ng neans 5060,

preferably viaza sli !s t ongue an r 0QVEe, Qr._ - 838 vtaosll?ﬁﬂé)w
‘gotion of the gﬁfzﬁéﬁil ﬁ&%aﬁgpﬁiﬁgﬁ%@ﬁﬁgﬁ 10 %gg%mr%g% s

Sreferably |i nS¥#2%03NSDGISHE °B aifes praliet 1034 . g
#reans 5060 andvadch infermigentbhengages 44 € BIFIOR SHFERYISS iRt ed
%n or in gui demparibe giTon asTtreblyfuntbenawapronihe erhknes a sl ot 5076 whi ch
®xtends parallel to axis 5066 and so aids in ensuring that notion of the

i stons 5064 aFizwejigbneat shdaasd pi368 dssembly avittesliding afaces dobt and A Qf8
Arenber or nmenbesspebidvdy. isdn absengbly hes eath sudfires 1643 whidhcare engagahdlyi si ng
7 he notion of FREWPirst1088. TIRRE folldiwdrlafe @HbedEdR Bistohd €052 61 eHesslilOEsd dss ar e
unted for ., egd pf %ftﬂﬁnﬁgnﬁzﬂ%eg 5t 9] 64 fiatRl $hAA Mk 5056 from gui de

5074. i QuE 6B _ 1o  from
aggz on the 'Fgéﬁffé’ Q%@Ef%%&i n euf:g?%%?uc?es.a}egvxgﬁ\é%?ﬁ?g?a %];\e%ﬂbgoslez
Teans 5082 whi gn : h'@ﬁgﬁg‘gg%ﬁ%‘é’ﬁ? airis %@%@Mﬁ?@ﬁmﬁﬁgm‘%‘g‘? s
Tffectively th gﬁ%@ QPO 2 8&%28%91?%?%@ %?a’gﬁ‘gﬁ‘i@%‘) VL
s evi ce joi ned sFBdelawenimipisraitEasly srgagsdgpgysecond cam 1068 as the crank rotaiss.

35 Figure 79 shows a variation of the Figure 78a device in which the cam follower
1066 drives a pump 1070 to intermittently drive oil to various bearing regions.
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Fi bwre 222 shows a further enbodi nent 5100 having a simlar piston, crank

et cyl i“nder- tay=out—to—-the Figure 221 device. In this enbodi nenPCTt/hUOOIOO:zm
ingagenent zs nmeans 5102 is Z-shaped but otherw se the devi.ceReseived 25 July 2001
Functionally S%GI valent to that of Fiowe 221. Referring to Figures 223 and
P24 there is #h an opposed piston scotc yoke device 6010 having a crank
%012, cylinders 6014 on either side of the crank 6012 and two pistons 6016
younted on a scotch yoke assenbly 6018. The scotch yoke so assenbly 6018
Fas a slot 6020 in which a slider 6022 slides. The slider 6022 is rotatably
fount ed on t heFiguge mmmmhy&mmbly%mlmtayymlﬂalmqumedhma
Trank is ShOW”bt%’Eﬁd'lWﬂr’Fﬁébli&rtlb%hhﬁa@@m W I1@7émlﬁclﬂxstmtenngtwﬂye sl i‘der
H022. The yoke, %%1 tﬁ@&éﬁg@iﬁbe@m@ Each

A

‘ te;:gnge;gecg% %Fg‘?%l O(é%\?gqggc)ﬁ}g oggsga?}%% sectl o% 6 2n 'Els'géG rounts,
pesa o EHD R T BRI
anyo?&xeo

Zylinder axes. IT’AM&‘?}@ g\gsed wath any of the ot & 1_-11_130 Fbo281
HRecei ved 25 Juhgy ﬁmouc@@s»aﬂnnat@nm%ﬁhlm@ﬂ %@Bm%feﬁa%ﬂﬁeﬁl% H@thef-‘é‘h Wer se
fnd | ongi t udi nafithshe tompendiSehovad Bthe spedific figetee. sl i der 6022 is |ocated.
#t the free end 6036 of the transverse section 6030 are bolt holes 6038
Mhi | st at the Re@eringto Bdfed Sletd Shibetaidishawvn s detwinfluiddevica 2Bl hATiguss| es
$042. The tup gganiisapha ARk HoMstoisBOIdedtpidtatingin cytinders@916@880°dD eatte
Jransverse SeCB a B&?%@Qs&f&%&éxﬁ% Anébnn zﬁ&aﬁ%lﬁ@i@tﬁtﬂﬂynal

Jhe tvo parts & gt b %ﬁﬂiﬂtter Fa B e inc BB gl o ol gl
ulbtjlsagozzac:; 8 :nggtsl t)l onedI Wlht hin the channeI thr ough whi ch thAe‘O s

gst seen iﬁ F%a g@@ﬁ%%%{éﬁ?@ﬁgﬁw %nttdzlﬁ%@%gﬁlggm%%ve.g ﬁapf eSds :

%060. F ~ 20195 bg,ggt 4

Zhich 1s funct m@iwmmmm_,agmmestmazom@aéheféwgnam@%@]%& Bart

m

'
pre ]

#s not closed. phRvbaatudte -chaoret afiiSdredstmeatisl 4 plavarghelt HE24ewbichThi s ai ds

#n manufacturi @%@&&&%&b%@ﬁﬂw@ﬁ@ﬂw bbies B3p®. |y ground with a grinding
Hheel , without the ends of ~s the longitudinal section 6032 limting

venent of t he (@hicRdngmeb srlk ole'i@sI@t’Ebl@Q’é@t\@cﬁ atialy borgling plaat webs mm

3032 is_not Eggbef:: Qfeadl&nkﬁﬁ: sn@%@:tbﬂﬁefﬁ}ﬁi &[&%

Bwres 227 and %ﬁkﬁ er v engo p&??ﬁgﬁb cw-EBszB@
#nbodi ment the e cy er a~cis to form
EWo za identi care b The port| ons are U shaped, having a

zgentral body 6 axi y exte

Mymetri cal gﬁ?&“é&?ﬂ‘@%ﬁée Esr‘btgqcfﬂ% dggsm% gl%@%ﬁl éé%%ébsl'he
#Qpposi ng faces 2980; peseenan Fagures Tsepidgs0 i o)
At ud hol es eaaamﬁdcmmmtmm)anésm@\mmunganba@bb R§ 8 Wﬁﬁ% ey
jloget her. The tmovewithitl thesespeetieecylinddrst oget her by bolts 6074 which pass
s hrough bolt holes 6076 at each end of the arns 6066 and screw into the

“@pposi ng ar m 60/G gifles aBqsefofably beatetmndhé trankivase hyowapdf a leeingpin 2034

ecept acl e 6078ygnhen wWhkedviaRlitoléornIss nmounted. This receptacle al |l ows
gihe piston to rotate about the cyIinder axi s. The assenbly al so includes

oi ni ng menber spR080 IngitHReRecat of fhe b@@&t&@aﬂlétmﬂthe
hannel and Qavﬁﬁsﬁa%é?&ﬂléﬁ?tﬂﬁlﬁ%as%me% U Bt op0Be. The

#enbers 6080 are.se F\e}gcé hal ves by nut 86 and serve to resist
smendi ng of t he ?1 the assenbly out of a plane. Figures 230 to

33 show conce uaI I f il i gure
230 shows a yokRSTUSEHE Eﬁ@ qt%%dﬁoﬁ*ﬂg@n??%@%ﬁ?t %ﬂn%mﬁogz
Bnd 6494, The fratBot ﬂw e SF I oo e oot i s

sHount i ng por t i c¥PNEEBonaA) ¢rankaast.EIrthsr, beeause therebseHpd %Q%é@?ﬁﬁé‘tﬁé‘?@gear m
%096 have bobt fooleintef@R pistonhamekieting ¢hnbgste cahdeacktied9sasilyimedifieddo ae
#nd of the centiRé iy dhfid 80d blforpassémblye hol e 6104 A-I E~JDe~ Si: 1PEAI AU
#CT/ AU00/ 00281 Received 25 July 2001

2 The webs and the slot 2018 may be formed integrally with the piston 2012 2nd so

be formed of the piston material. Alternatively, separate components may be
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nsa.a 43 The othet-portion 6094 has a transverse arm 6106, piston..munting
portion 6108 and two arms 6110 extendi ng from adj acent the ends FCTABG0/00281
ransverse arm 6106: The arns 6110 extend fromthe sane side Mectihed 25 July 2001
jransverse arm 6106 and at their free ends have holes 6112. The transver se
rm 6106 has acéfitral bolt hole 6114. WieROassenbl ed the central arm 6100
g§s attached to transverse arm 6106 by a bolt passing through hole 6104 into
#iole 6114. Sinmilarly arns 6110 are attached to transverse arm 6096 by bolts
¥assing through holes 6112 into holes 6102. The bolt holes 6102 and 6114

fray be t hr eadeprovidadnd thagiston dsemblybodiitupdiem teguicompotents. frsferdbly; the-o |t

ill be apprech §lﬁﬁbeébf§1e@mfzoms:aaawwmmgolayebﬁmbgedm rbﬁesbig
gnd does not pg@&r ; \g?&ebe proWEsHSyIARdp SRR s a4, rawdeasei‘ twin
#rmpart 6094 dﬁgt{rlg g m ‘3"&?{?%268%‘ 8‘9@1]% ﬂggmqﬁ%ﬁ%mﬁgnents
\obejornedt g er. I a transverse arm i ston
fount i ng 612% ? ‘fromthe sane s|de of the
fransverse arm_6122. Ies 6128 rov d in th s of armns
3126 and hol es @%@ﬁf boRo plan ey of Ssre chtifaih S be
dssenbl ed WthW@bSéEV@I@QEﬁdBB@B@S‘é{NMW %aseéé‘aéhﬂ@qoaﬁeqq%rmwsa bl t
Bei ng screwed shwwn in Figusss $fpndd4 (e guidessvidadistke thaplacrort guidess2(38qui r ed
far assenbly. zerEippuitpgAddhé hertisalawstar 2030i afracH piston ifFigures 2Bt $hiredivtrent .

Figure 232 SHOWRyAsHAkanC BATORSN be Spdehombinte bildePasddto®hde aghshed] 44. The
girst part 6l 4§ ﬁ%&; gﬁjs%t%rtﬁgsﬁﬁé% MmLelg6, pi ston nounting 6148 and a
8ingl e | ongitudinal® arm ne ot er part 6144 corresponds to the arm

®i 50 and is pr e arns
4126 Whilst (R %gm#&é Eﬂ ‘%ﬁ 3@33‘5“ 2@&“’&%‘%&90&?
g gure 231 enb - Eﬁi 3}&
i gure 233 shoﬁéte&d%BRED@s@éerﬁt‘?F BF’B‘B’-‘ WFW 82.
Fach part inel piréen ar 2 sepasate CoBIPARENI6 164, a p| st on m)untl ng 6166 and two .
ongrtudr nal arnms 6168, 6170. In contrast to the Figure 231 or_ 232
Znbodi nent s, | Figite S6showstaqustor 2044 heviag s paeHebabw0A6 extending f r om
Bpposite si des pefpehlizularhneviae siot 201 Sreloh 4. diBottrichldines Thd F2badtbadtandar e
Provided at theciseetRpiSionbdrdRg0Ee bhides2082.67408, wdblif @ stparaiel compohentt wo
gonponents to BRyjeal 99%5:{1@15« xigéﬂdmgﬂomastdﬁtﬁew@a 234, there is shown
A crank mechani sm wt mai n axis 700L, having two webs 7002, 7003

: xt endi ng ouf, ghgg,s%lgmh%w%wzpa@os eﬂlﬂ@ﬂﬁéérapwgosends
#00 d 7004 t t
ol \M?&%?EE\%} eng Ctgbisgtdg]se | n the Wevr ce of °

¢ raurraegrl

o 51 an angl e to each other of 75.
it can be seen icure 235 that, the bar . u fac on.dde
@i ston, with tr#ég‘cr&\ﬁ%t%hoo’ﬁ acli’?étof?@r%gé’tr‘ﬁh@s% r@g TS‘P ?
#rrangenent eo 3PS REORExaER dhat irhg 2088 cxenf Beyons

CT/ AU00/ 00281 Recei ved 25 July 200l nmsa.~ Figure 236 sho 0 yoke
#ype devi ce #cdogeheny WWﬁ@MPMW@rW%&M %8%% 7008b
#Are di sposed f@mgagﬁz:mpaﬂy&ﬁeedlnw@ﬁ 2064 mamtedenthecmakfgs® axi s 7001, the
#rank has at least one big end and it has only one axis 7010. Note the

iBi stons are corRigumiYteshove a pistopr2066thaylgrmgxidily axtendingweb 3065 8iieh i and

fg, and A aad Blagfedht Sk eiebsfES slop 201@ andiBdagsgedByea Pishiaped gide8a7Gand
§008b are connected to the crank big ends 7010, by way of sliding

ngagenent mearfgi 1P sHowd d1pistoardigdieiig a ¢nglajeezmal weea04.7012 are

entred on big end axi s 7010. For each pi ston 7008a and 7008b, the
@ngagenent nRarFgiRS dictvd Opistord 076 Hartasthete vadbs 20%7 807 Send 2099 SOTOWEH  ~0
%1 oaure 237 dep %xaen\ds mcﬁ%@ ﬁOYtH@sB?YOIE‘al HeWehge lifle bR heipistemt i on
Mherein the pisfpa ig Qﬁﬁb aﬁi QRY t%tﬂ@ﬁét at
20 degrees fr ot er ;ﬁ@ an
4 rom bei ng at % a‘ﬁ‘i&" #';er] 6%%%%@ af@%ﬂ“ %ﬁ%)t{\%?ed
B0 degrees ant|° F@/W%f Fheofmdﬁl hentlobdl 1S ree Riebg 5airad Byﬁn‘iﬁﬂ 7100 is
@ or the noti®dn miton’rseilmlmfownt:hat s travels on the path B and big end 7110
s for the notion of the piston that travels on the path A It will be
pprecr ated that it is best if the pistons reciprocate in a manner that
&% hey are one half of a sinewave out of phase from each other. Provided that
J he pistons are of the sane mass, the engine will be perfectly balanced. It

'"_; nvention that are of V configurati M Fal anced in the same way and
Ahat X, horizontally opposed or 180 deg‘ onfiguration devices of the

% nventi on may al so be bal anced simlarly. It is also clear that an engine
Hesi gner may vvr sh to construct a fI ur d scotch yoke zs type. devr ce of ‘a type

e S



Crankshaft whose rass is concentrated in two p05|t| ons nanely th =
Tount er wei ‘ght and the big-end Conrod whose mass i s concentr at @AUOO/OWSI
positions, the left slider, the right slider and the counter 'é’ﬁ‘tvedfﬁﬁdulylgom
bel ow the bi g-gad,. AAA-1ENDE7 S f PEA/ AU 5? 1/ AU00/ 00281 Received 25 July
00l sass.aoc j The left and right pistons”™whose nmass is assuned to be
foncentrated at the centre of their respective bores and sone di stance

bove the respective sliders. The stati onary parts of the engine (crank

ase, block, e [e assuned to be .ri ted.so th

ji sregarded i nf'.’t%‘%ﬁs 1@#3% ég{%tn r?g ett%h%&g ?13’313%
fissenbl ed, st aZQ’fSwgnda%O’f%arpmh qlmmeﬂs@r@ﬁélﬂ@ef?éft?w CP%% skl on
Fts own. That 2818. ith additiot the ainghawebi207 Arernains whmtbe@fst%s feotprint. t he mai n
Pearing. Cearly this is perfectly balanced. Now add the conponent referred
o as the "conFigud 94 Beews!a pistdre208 havamgitwo Tishapdi wiehs 2084 extanding wi || be

fhoy a the bi dipattritdlRy Gﬁ%ﬁ@td/\édch JtesHetfendicalae wtheaiat@@nger wei ght
# ocat ed dlrectly bel owthe big-end if we want its centre of gravity to be

@t the big-endg; 99 sﬁ@@s& Padd sisAlAP tehnes i fule D4ctsid ddviag aaifle -
fal culated frop, Sl FOm ERMiAM e AGNI0IS. Of gravity can be
e asse

kept at the main bearlng and 'y so far wll still be perfectly

i:al anced Note i: ?F%H]&gg %;F‘t@é(ﬂééﬁn% éHév@SE?G%%l%h'arédﬁset' me
100 ons, | Fom B s cE AR ToE B SR b,

i he nass of 18 heswiwhbyl |ght i's reduced so that the conrod centre

ﬁ)f mass was above the b| g-end then the_ conrod vvoul dtend to ro&l squ 5:
grankshaft rot &iguae IPsbowaedisten 280k te that phiteutst UnPtoPt ek ﬁ&a €
Zentre of masswebs 2096 ir¢thaidevithintke fpotprin|of thef pistem. same radi us and can
i#Btill zo be perfectly bal anced by the crankshaft counterwei ght There is
hus a design Ehpire @Sshows atpdsthe 2099 hadidg deshaped pxially exntendiagsyebge0100

chani sms by kalighektegd o gReate of the st B8t 0 reduce the mass of the
“onrod and the mass of the crankshaft counterwei ght thereby reducing

Enertial fotE0FsnaeIershbivy 2 PtoARDEODNRLTIME tEWells DEL doepersimeg frotrhibe centrad

dromrotating Ry et Hef 2@ RIS IREGR Bt 58 eARAdLAI #0K mechanism I f are
smow added pistons, the engine is put out of balance. However, because the

i ston nmotion 'ﬁmﬁ@rl‘b@%%%sﬁéﬁabﬂsﬂﬁﬁﬂ@t&t%ﬂﬂgﬁf@@'&% SATATRS rectoar ees

;"._ut of phase, Eﬁt%gﬁa!‘@v 8%8 are exactly equivalent to one piston nass
iravelling in a cercl I's necessary, therefore nerely to add to the

¢grankshaft counter h SSaR one pi st on

Jﬁand adj usted ?{5 WQ@S@ %ﬁ%é%&%g%@é a?gﬁbg%w 1o pkshaf t
gount er wei g & Fsﬂ%ﬁ%ﬁé aef“'f%?" a anced Thi s
'S easiest to \Hl%fnhﬁ @etshovdhe tilts one' s head to the left so that the

eft pi ston appears to be noving vertically and t he g i

Jori zontal l'y. \Wigwretifie shewsarmisten 20647 iﬂswatc '8 PRI égr %@?%mg 1%6168

Arankshaft courie@nwsivglakially extending Tehepad gois 201 IQAWthW@lQIaﬁE‘ﬂWW‘aEPdet he

&right-hand" pira¢mbes @oashown)-eigagdse and travelling to the right. As far as
he horizontal notion of the crankshaft counterweight is concerned, it is

“t  ni dst r okesarfighueaMs| showg a pistoh @0l &2 baihg teo seks 2O 14, escinofowhishdhs 2 can
Aherefore be adighsiacsirfcensets Yort&\bﬁ £ ahehlpldhéitan ?Lucﬁi rhedns-TRESHAShE=
A1 xr N AU 9288,5]9g 148, BleltiphOMOQHTAE RyRhersilped July 2001

Figure 104 shows a piston 20118 having two webs 20120 with convex surfaces
20122. These surfaces 20122 may be elliptical, circular or any other shape.

30 Figure 105 shows a piston 20124 with two webs 20126 similar to those of tt_ie
Figure 104 device but in which the webs 20126 are offset in opposite directions
from the centre of the slot 2018, The offset may be symmetrical or asymmetricaliy.

Figure 106 shows a piston 20128 with two webs 20130 having convex suriace
20132. A slot 20134 extends inwardly from the convex surface 20132 towards the

as centre of the slot 2018.
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Ihe centre of mass of al | 'novi ng parts of _the engi ne remains exacgp)i_
stationary. There are no higher order effects as in a oonvezztiy é‘?&g’pW@DZSI
Jhese arise because the piston notion is not sinple harnonic a#&“’t‘?‘@?ﬁ)hlpnom
Hf a conventiogalgl.y driven piston is not sikgple harnmonic and the notion of

@& conventionally driven piston is not symmetrical near top and bottom dead
tentre. It is also interesting to note that the internal kinetic energy of

£he slider engine of this invention is also constant throughout its cycle.

Provided tire e he ¢ 90 degr
&inetic energy?tﬁq“? H@ﬁ%‘t’%ﬁé‘#@ ghéﬁ g &%%gr%égt% Wﬂaﬁ%a‘
fendency for t Hethesiot 18Pt websi 2 @F‘a‘?ﬁ??@fré’tn (%tﬁ% ﬂ}el)éﬁtaﬁlaﬁ‘ilare'
¥elocity. The bppcbmmaaghpﬁm‘he t heory behind the bal ancing of the engi ne
Mith offset big ends. Ais the angle between the bores of |nders |n a
gee engine. D Figurbd0&shdws b pisteac20140widh éx@éﬁdﬂﬁgxﬁeﬁ@l#gtwsr%ﬁ

fhe big endss Heb%ab%nﬁﬁﬁuﬂﬁﬁalsuﬁf@ce%m&%cheﬂt@geembomsybngmg\gm@e of the
Hwo pistons w Etrféa@e 1.4.t Yﬁcés@(ﬁtlﬂ' ha) e &eudtbadllipdoiddr @ap bitkr be

Hal anced by a @&?ﬁ f 1drhe cornecting rods are
v i %3&%& e p| ston ﬂ@&mégfu

Al | owed to pi v I'S assurred t hat the connecting

Hods are suffi entI i
Har noni c. V\her\ﬁ s l(ﬁigr&g %ﬁoﬁ@li@%ﬁﬁ’lﬁrgg 9§ah89§1%‘mbﬁn
#he zo notion > n ra fect
Fhe nass of PhEOLERERECIANAGTS t@aho gé‘ét glﬁé@g%lg%efbcg@,ﬂ 8
Fnticl ockw se fextﬁmdtﬁmnpbe;umdmde(oﬁme?lst%gﬂ ‘the first boreis a0
%egrees The second bore is at an angle A degrees. xx Wen tire big end for
fhe first pist digirs 140 shovegrpisien @@&angwwebszoﬁzﬁﬁ%@mé t he

Bi g end of the fres@ndmpisbaly dfihapisRrieguetdy fitanticdersingdogbnska20t3se
ghen the big e'ﬂcﬁ%eﬂﬂ%‘oﬁhé@éftﬂtﬁ&ﬁﬁ 709 53} 203 5degiciesxtandlat 902 tbiegeteotternt

.f,, he second pj.st@fy cﬁrﬁlsq:tﬁa =2ty & Et%tﬁ@tsangéée X co-ordinate of the first piston

s Cos(R) neasure respect to its nmean ao position. The Y
o-ordi nation 1o%485tAn Flgdre 100, ]ég%%{tﬁhﬁve]ﬁqu/ AU
CT/ AU00/ 00281%35 h%f Bgé %ﬁ%g%%gzgyge radi us’ of the crankshaft
#Hor the second ey é p I'n" the general case under
fonsi deration, t.he of ther ect e
decond bore i s %5%{6 wsa pistap g'g Fg“g{ho %&%"’ %%fI? gjtﬂg
#ariations in t¥eb |}@hedﬂms€‘§¥ﬂqséf%‘t5h§°c§?%1’?y of the pi stons, the
Hecond pi ston can be t aken to be at: Y0
BA- D R *Sin(®) hisereckh shovsra Bsaniddy6Q G il TSR wERT ARloZahichdo
#aken as: X=CosnqtAnpeg) tedousipg Gosthrplotd0¥eCos (A-D-R) *Sin(A)+0 Note that
ghese shoul d both be divided by 2, but this is omtted to S|rrpI|f t he
‘Bppear ance of tHigued Gebsheiws eRigoasdil 66 similar to that f Biguresnde tSidHPWal ue of
#M, if Dis set atialpreitesdingyebs20e68.tTweo obtierects20g6Sarctlpcased bo eitheisideodfs
foget her noves hg skiQion 8] Ehoieampameneothsifbyr websdn prederahlyssymmetrical about
25 the centre of the piston.

Figure 115 shows a piston 20170 with two pairs of guide webs. A first pair 20172
extends from the underside of the main body of the piston and has a circular or
elliptical outer surface 20174. The other pair 20176 extend from the circular
peripheral surface of the piston.

30 Figure 116 shows a piston 20178 having four axial guide webs 20180 extending
from the circular peripheral surface of the piston.

Figure 117 shows a piston 20182 having a substantially rod shaped guide web
20184 extending axially. The guide member 20184 is integral with or mounted to
the circumference of the piston.

3¢ Figure 118 shows a piston 20186 similar to that of Figure 90 except that two guide
webs 20188 are provided at one end of the slot 2013.
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, S counterwei ght -attached to the crankshaft. That this is the case can be
-proved by substituting 2*A-180 for D in the above expressions whpciy 500881
gX~0s (A-2*A+180-R) * Cos(A~+Cos(R) Y=Cos (A-2*A+180-R)*Si n( A) +0R&&iWwai %
jbecome X-0s (A#180-R)*Cos(A) +Cos(R) Y=Cos (- A+l 80-R)*Sin(A) +0 whi cf e&LYa?OsOI
X=Cos (A+R)* Cos(dﬁ) +COS(R) zs Y=- Cos(A+R) *SPn(A) expanding Cos(A + R) in
Zeach case X=Cos(A) *Cos(A) *Cos(R)+Cos(A)*Sin(.A)*Si n(R~Cos(R)
3Y=Cos(A) *Cos(R)*Si a(A)+Sin(A) *Sin(R)*Si n(A) AMENDED SHE. | PEAI AU szss.a
$48 sinplifyi ng: %gt X=Si n(A) *(Cos(R) *Si n(A) +Si n(R) *Cos(A)) _, ]
3Y=Si n(A) * ( - coFignre T18 shywsiapizpn 26 I With twe idevsibsCRYSBF ﬁ%ﬂd!RxamaHyand
3Y=Si n(A) * Cos( AeRrallhiradially fiom thglmusing obfloa2p8. Bachwweb2§ 192 has undulitngof
Aradi us Sin (Apide BatfBcdd B0 T0AL Theseqhay hevetang shhpd dastredoget her can be

k)

jcount er bal anced by a single nmass, equal in nmass to one piston mass zotating

qon a radius ofFlg'iirsGAb shbﬁ@%ﬁlﬁ@ﬂ%l%ﬁﬂh%@éfguf&d%&201%@%@8@1&&@199 here

are actual |y tme 2090PERS dléu% Rhek100D0 R Whilswdeso @ t t ed
%in the expres QQ?( g %&aﬂoﬂn t{ﬁg@ﬁ?ﬁ fg ﬁ%ﬁ%ﬂ en A =
ﬂ90 ie a 90 V PAD E [5 & TPRe axes <0 €hds
ﬂare not offsetw ﬁtex °mﬁﬁf§° § V configuration with a single big
gend is nmerely pegi.al case wher ~WZ 239..show a
dconnecti ng ro&lwedaﬁéeﬁﬁﬁpl%rﬂa?@@ ]5%"6%: é§§’8¥?£‘g§e/§’é€§f)g&d ether in
fa fluid devi ceéxishyt Thaguide wely 20RP2d1s pongavesides 3R2e4 gt ed on
#the or eachoc@fpestPreferably svfface 20206 is paraliel torthe sloti20ER00 has a T shaped
jengagement neans 7202 for sliding engagement with a T shaped slot 7304 on
%the piston as$emiak)i223B0wsA miston 2620 Meighy (F20dxially pxtendide guide webs@0208, de
Fof the big en@on@@laﬂalzoi?@&iﬁ@ewbtzoabw Qém‘fpl'é tectzmlyth erdialsastivh, ghifenass

gof the connecty Inaqn keside of
:;the big end j naqﬁ%lg S @d'ﬁ{%.@se@ﬁ IYSt? gg S 2@@?2%.@566&[& st on
crown 7302 ané ggﬁ% T‘ﬁ %eor engagenent wth
%gw de means't Y4 & ?J"F%PB 300 to recipr ocate al ong a
| i near path. | WI|| 25 naot ed t he ton ass n‘g% de up, unit
dwith the vari cftd W%@@hgﬁggﬁlﬂegﬂsﬁ BHOPE RO i"?r 2&'7 gghed
§to t he centralSl%%fetﬁﬁlsiﬂtiﬁiébmaéJ%P% 92243 08¢ reflare 2Q2 a&?%nélulajéxhed to
\the central asstanding g3ide 20236 puluniedz@ithe crankwisd. The pisspramenbetsotifed e

-;Skl |l ed in the~igl twd baimarenyllere di kithatsidinsf thadlov201&t i ons may be nade to
=llthe enbodi nents descn' bed herein without departing fromthe ao spirit or

3 scope of t hezxi rRigmiei 1% shows a piston 20228 having two rectangular section tubes 20230

extending axially on either side of the slot 2018, These tubes 20230 are open at
least one end and receive axially extending guide rods mounted on the crank case.

Figure 125 shows a piston 20232 having triangular shaped guide webs 20234
extending axially on either side of the slot 2018.

25 Figure 126 shows a piston 20236 having a guide web 20238 with triangular indents
20240 in its two sidewalls.

Figures 127 to 129 show a piston 20242 with a vertically extending guide bar
20244 and a horizontal slide bar 20246. The bar 20244 extends from the lower
surface of the main body 20248 of the piston 20242. The horizontal bar 20246 is

30 mounted on an inner side of the vertical bar 20244. The bar 20246 is engaged by 2
suitable engagement means on the connecting means whilst the vertical bar 20244
is engaged by a suitable guide surface mounted on the crank case.

Figures 130 to 132 show a piston 20250 with a vertical guide bar 20252 and a
horizontal bar 20254, The horizontal bar 20254 has a re-entrant slot 20256 for
35 slideably engaging a corresponding tongue on a connecting means.

Figures 133 to 135 show a piston 20258 having 2 main body 20260. Rotatably
moumted to the main body by a gudgeon pin 20262 is 2 engagement/qunide means
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~dnstrial Applicabilifv The invention has industrial applicability in

Frarton=ro T ura achi nes in general and nore specifically tao i e/ A&F00/00281

tonmbustion engines and punps. AVENDED SHE= fPEfl/AL~  szss. e 3Seixed2sduly 2001

oke fluid device which includes: PCT/AU00/ 00281 Received 25 July 200l a

£rank includi nf®4*bi g end having au axis whfch orbits about a main axis for

ghe crank; connecting neans nounted on the big end axis; at |east one

Hi ston nmounted for reciprocal notion in a cylinder along a piston axis, the

i ston having a cross-sectional area perpendicular to the, piston axis, the

®i ston having G026k Thsaszasenientinegnsintindese harigontally q%%%?%@a%%

giaston axi s, tBRddWetRalBABACIAR FREHSO2 6268 Tl Rorizomt portian imaludkea gohnect i ng
ans; and at hassd oA dRBAIy Gt BaRSITntAREigiRI o1 thy cohmecing htans 0

e o1t e ol Il e e e

¥ocat ed vm'thr"n(ihw})g peted tﬁﬂﬁv CB@Y?}H |éP§%‘0§ross?§§%ﬁeg%ng}iﬁgﬁ

Broj ected al on@mﬁ@ntpllx%ﬁné%g&or%% is not |ocated along the centre |ine

@f the bisection fornmed by the piston guide . .2. Jthe deuce.of claimil,
gherein the guiFdl@Tﬁ%é%tqﬁﬁmaM?%%?éngir@%%WénﬂEé@G mfa@y
Her pendi cul ar | yextendinpmembpre292 Mewhichisbideahki engages acomplmgatant eondhen 1
8r 2, wherein tdagnéstBigrthednsnGuiteansbsi 2000 fidegaga puides miuniehpethe caadeasd i ne
rawn fromone nmenber to the other of the pair is perpendicular to the
genter |ine @f Rip@rebils9esd 1HDNsIRSw lpiston sdsomblyR025d ibyhittea pesicalrguids s
geans. 4. The %b@% hdS babiMhk ke 3f RSN Sh Body1P0Z80561 the bisten. tehorizoutt | udes
rerber 2 whi Gl o LORA 5,08 it ki PhlS 0080 ARIeBLRRENT heoverachl pridde

;,"i ston gui de ”3121320 ong e cen Ine. 5. The device of claiml
#dr 2, wherein ton has the restricting neans fornmed integrally

mherew th. ~—14 StE 4%1AY show a piston assembly 20283 having a main body 20284 and

% 15 an engagement/guide assembly 20286 mounted to the main body by pins or bolts

= 20288. The engagement/guide assembly 20286 has two vertical legs 20290 and a

: cross bar 20292, Mounted on the cross bar 20292 is a horizontally extending T-
shaped engagement member 20294 which extends perpendicular to the plane 9f the
two vertical guide bars 20290. This member 20294 is engaged by the connectmg

20 means.

Figures 145 to 147 show an assembly 20296 similar to that of Figures 142 to 144

and a similar engagement/guide assembly 20300 is mounted to the main body

20298 of the piston 20296. The assembly 20300 is mounted to the main body

20298 by a gudgeon pin 20302 which extends in the plane of the two legs 20290.
25 The assembly 20300 may pivot about the pins 20302.

Figures 148 to 150 show a piston assembly 20304 having a main body 20306 on
which is mounted an H-shaped guide assembly 20308. The assembly is mounted to
the main body 20306 via pins 20310. Mounted on the cross bar 20309 of the
assembly 20308 is a horizontally extending engagement bar 20312. The bar 20312

20 is pivotably mounted to bar 20309 via pin 20314, The bar 20312 hasa T-shaped
slot 20316 for engaging a T-shaped tongue on the engagement means.

Figures 151 to 153 show a piston assembly 20318 having a guide/engagement
means 20320 mounted to the main body 20322 via pin 20324. A cross bar 20326
extends between vertical members 20328 and includes a T-shaped slot 20330.

35 Figures 154 to 156 show a guide engagement assembly 20332 baving a cross bar
20334, four vertical guide bars 20336 and a central connecting bar 20338. There
are two vertical guide bars 20336 on either side of the cross bar 20334. The cross
bar has a T-shaped slot 20339.
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PCTi AUCE 00281 Received 25 July 2001 50 6. The device of claim 1 ,
Yherein each piston has the restricting means formed separat egg PR(00281
Pounted on the piston. 7. The device of any one of clains 1 rJé‘ilthOOI
Xhe restrictingzsgRans is slideably engagedj one or nore sli deways nount ed
@n a block for the s device. 8. The device Of any one of clainms | to 7,
#dherein there are two, three, four, five or six pistons. 9. The device of

'Iaim8, wherein each piston has two restricting means whi ch are | ocat ed

gymetrically rel ati i ston axi s dew y one of
Hams 110 7, BEeesis i 158 S gl e ﬁ§43(5ﬂé?§ﬁﬁcme
fui de neans of W@%F@éhﬁ%@@dﬁ?@@égﬂ,dﬁﬂ%@ﬁ% ﬁ’émgl B@P §0thi g end
#xis. 11. The device of any one of clains 1 to 10, whefein the giw de neans
#ingages the en@gmﬂﬁoﬁ@éﬁ%swmeswhiE%MQQSMﬁ?%t%ﬁﬁlmuﬁg 5780139 The
devi ce of any afackdd wl apiswnlbody 20344 bytreogins 20846 ke that piNotingtinnetspossible.
Feast-one restricting neans extends into a volune defined by the swept area

Af the cranksp Ripeet 463 ab 06§ shidve arpiston assemblf 20350 havinga giide/elifagetryt ce of

P

gny one of cl aifiEarks 20853 Znodb&] & & W&&rbmzemamelpsstmwd 2@33% méch
e B e e R el oe s oy
§._ther than 90 tS FRETE \98 Ué % lﬁ@ ég‘\/l ce of claim 13 or

3, wereln the, a&gggg‘@glgﬁ%ﬁe@&g .

 nc~ t PAI At Figures ut retaine p1ston by two pins

Figures 169 to 171 show a piston assembly 20366 functionally identical to that of
o Figures 166 to 168 but in which there is a single unitary structure and only one
vertical guide bar 20368 on each side of the horizontal engagement bar as opposed
o two.

T
b

15 Figures 172 to 174 show a piston assembly 20370 similar {o that of Figures 127 to
129 but in which a horizontal slot 20372 is provided for engagement with the
connecting means.

A

3 jimee

g ean
Y

i

i3 Figures 175 to 177 show a piston assembly 20374 having a single vertical guide
3 bar 20376 and 2 T-shaped engagement bar 20378 depending from the guide bar
3 20 20376.

Figures 178 to 180 show a piston assembly functionally identical to the Figures

£ 130 to 132 embodiment except that the re-entrant slot 20380 is mmch nearer to the
piston body 20382.

i

J Figures 181 to 183 show a piston assembly 20450 having two vertical guide bars

25 20452 extending from the piston body 20454. A crossbar 20456 is mounted
inwardly of the bars 20452 and extends horizontally. The crossbar has a diamond
shaped slot 20458 which receives a corresponding tongue mounted on the
connecting means,

Figures 184 to 186 show a piston assembly 20460 having a piston body 20462

3¢ from which descends a guide bar/engagement assembly 20464, This assembly
20464 includes a T-shaped engagement portion 20466 having a cross bar 20468
which in turn defines an L-shaped slot 20470 to receive an L-shaped tongue
mounted on a connecting means. A vertical guide bar 20472 descends from the
piston body 20462. Preferably the guide bar 20472 is integral with the engagement

35 portion 20466 but it may be separate. The guide bar 20472 preferably extends
below the horizontal cross bar 20468.
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9288. doec 51 16. The. device of any one of clainms 1 to 14, wherein the
J'inear surface and/or the engagenent means includes two or nore M8T/8U00/00251
fbearings and the gui de neal s engages the engagenent neans on tﬁweicecnmgﬁlyagm
Freans by slidipg. 17. The device of claim15, wherein the linear paralle
gopposed gui de SUrtaces s are |ocated on thé&bconnecti ng neans and the
fengagenent neans are nounted on the piston. 18. The device of claim 10,
#herein there are two or three pistons nmounted on slider neans on each big
iend axis. 19. The device of claim 10, wherein the pistons are arranged at
Zequal angl es ,Bigamsut87tod 89shnwaadpiston20sermivly 28674 baving 2 pisiembady, 20d76rain
%ﬂe gui de means gisle/engageratntuisidmiilp @0pYS pivotabHi moTihted de thedwdyf20d7abm 10,
Anherein the gugtiredRns 20530, aRtaEsEntHly 208 7P a8e4 T-shispedportion bomptisiigon t he

i ston. 22-mDT2 em%gz@{zﬁfhﬁdﬂb&m 6K ivar w@@mafﬁﬁbﬁw@%&ﬁ

i v y . -_dev : c%&a ,

erein the ér:a%lﬁgza‘?( .S a?ﬁ%%ﬁ?@ﬁ’g? gc)?i-frieggelgm%gdg?ﬁsg nt 0 ﬂe or&éac

&ylinder. 24. SRECGEUEF 2B claim 1 or 10, wherein the main axis of the
serank is novable relative to the or each cyli SO as.to alte e,
Zonpressi on raf BTSN YReshoy 4 PisioRpegrm a@ﬂggé_b?ﬂﬂsﬁﬁl%%ﬁf’ #@?géﬂth 25.
“rhe device of faugivierticabend paralipkguidabare 0484 axtendisg dewnwardsr AhkIqus basvabl e
Telative to th204f14 at lbensd atthe coplersnufar squateerenirad endlte crmtrerod e pistonist s i n

change i nigogp&aEfdréMter ati 0 Wi t hout any change in phase. AVENDED SHE.
PEPJAt J

An engagement means 20496 is pivotably mounted on the piston via gudgeon pin
20498 and is located between the vertical guide bars 20494. The engagement

Tt TR I LR SO

e means includes a flat cross bar 20500 which may engage in a T-shaped slot on the

% connecting means.

ﬁ 5 Figures 193 to 195 show a piston assembly 20502 having a piston body 20504 with
:vi‘ a guide/engagement assembly 20506 attached to the body 20504 by two pins

E 20508. The assembly 20506 has a vertical post 20510 and a first cross bar 20512

§ having four vertical guide posts 20514, each arranged at one of its corners.

Mounted to the underside of the first cross bar 20512 is a second T-shaped cross
20 bar 20516 which is engaged by a corresponding T-shaped slot on the connecting
means.

. ¥ T
gty

e
2 =18

Referring to Figure 196 there is shown a reciprocating piston device 3010 having 2
crank 3012, pistons 3014 reciprocating in cylinders 3016 and a connecting
mechanism 3018 rotatably mounted on the big end 3020 of the crank 3012. The

25 connecting mechanism 3018 engages intermediate members 3022. Connecting rods
3024 conpects the members 3022 with the respective piston 3014 and the
connecting rods 3024 are pivotably attached to the piston 3014 and members 3022.

The intermediate members 3022 have a sliding arm 3026 mounted in a slider 3028.
The slider 3028 defines a linear slot parallel to the respective cylinder axis 3030.

30 The intermediate member 3022 is thus constrained to move parallel to the cylinder
axis 3030. The connector 3018 is limited to motion relative to the members 3022
which is perpendicular to the cylinder axis 3030 and so as the crank 3012 rotates
the pistons 3014 are caused to follow a true sinusoidal path.

Figure 197 shows an embodiment similar to that of Figure 196 and accordingly the
35 same numbers are used for like parts. In the Figure 197 embodiment the
intermediate members 3022 engage in sliders 3040 which are pivoted about 2
common axis 3042. This axis is on a line passing through the crank axis 3044
which bisects the angle between the two cylinder axes 3030. The sliders 3040 may
be rotated about the axis 3042 so that the slider axes 3046 are not paraliel to the
40 cylinder axes 3030. This causes the intermediare mernbers to wavel at an angle to
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y'v~/~1 TnO- 0281 y Received 25 July 2001 9288.doc 52 26. The devi ce of
ggaim1l1l or 10, wherein the main axis of the crank is rotatable rePﬁﬂ'I’A{&a’Om/oo:gg]
$he or each cylinder about an axis renote fromthe nmain axis, B@cmmdszmmom
WHwering the craako.delative to the or each ¥I i nder. 27. The device of

cdaim 1 or 10, wherein the crank is noveabl &€'in a plane perpendicular to

the or at |east one piston axis. 28. The-device of claim1, wherein the

@vi ce including stabilising nmegns, engaging. the conpect.d n ns to limt
tfie connecti ng ; ] Weg“ﬁpgéﬁ? gﬁ?ﬁ%’fﬁé@ﬁ oﬁtﬁsﬂpg&p{j@ﬁ fFragien o
% The devi ce 6f the intermediatamembers 3072 rsletive 1o e RISIoRSLH 8¢ 2d by the
Shgagenent of t pivatahleectistomofthe rekpdutive compiestugrodsii24thdottethepistorf amd ai m
28, wherei n t he nsdralir| 3092 TDheeffs id ROdupettipasseproaday isinusaigel motict &l 16
unt ed to bot h#i0eiRAANE £IdHAE JARAS SinREHIA AsRIKGASE] by thelfo:tid@\Of € crafk 31
e device of chgis 1, Wherein the main axis of the crank is noveabl e along
8l | east one path relative to the cylinder and the engagenent neans is

sHnfigured such ' ' . hal s i

fvanced when t %%%ﬁgépﬁgﬁﬁ%ﬁ%{ﬁgﬁégaﬁg% ngg ﬂlﬁ&ﬁf@% .t .thel'he
$8vice of claim® iers &Y aTHIPHRICAEPAR S573LatE 0 ﬁ‘%gf%sv S al.o %‘%

@ near path. 33. et BeveancR) ofj the shderpiae: “fﬂ%“rﬁi‘ieﬁogﬂt@u% e 383 ank
#Wves al ong an seuses 3chatgeinddroke dength ehdmotion offherpistans Bél4onnect i ng neans
ms a center of mass |ocated on or adjacent to the big end axis. AMENDED

& HEc ~ | PEA/ ABigure199-shgwia vatiagan Rewbichdbe termeriptomembers 3022 engage in a
unitary slider 3060, which in turn is rotatably mounted on the crank itself, so as to

be rotatable asbout the crank axis 3044. Other than positioning of the axis of

rotation, this embodiment functions identically to the Figure 197 embodiment.

15 Figure 200 shows a further variation in which the intermediate members 3022 are -
mounted in sliders 3062 pivoted about axes 3064. As with the Figures 197 and 198
devices, rotation of the sliders 3062 results in changes to the motion and stroke
length of the device.

Figure 201 shows an embodiment having a two part piston 3070, having an outer
20 piston 3072 and an inner piston 3074. The outer piston 3072 is equivalent to the
piston 3014 of the earlier embodiments. The inner piston 3074 is slidably mounted
in the outer piston 3072 for motion parallel to the cylinder axis. A linkage system
3076 conmects inner piston 3074 to a secondary slide member 3077 mounted in a
secondary slide 3073. Both the primary slide and secondary slide are independently
25 pivoted about separate axes 3080 and 3082.

When the axes of the primary and secondary slide are parallel the inner piston 3074
does not move relative to the outer piston. When the axes are not parallel the inner
piston moves relative to the outer piston as the crank rotates and the sliding
members travel along the respective slides.

30 It will also be noted that the intermediate member 3022 is pivotably mounted on
the piston 3072, dispensing with the connecting rod. To provide the necessary
degree of freedom, there is provided a separate sliding member 3084 which is
pivotably attached to the intermediate member 3022.

The two sliders can also be moved sideways along axis 3086 so as to change the

35 displacement or the compression ratio of the device. The sideways movement of
the two sliders may be independent of each other. Pivot points are shown at A, B,
CandD.
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nas.a 53 35. 'The device of claim 34, wherein the crank inchi des, -@i}mter
swei ght which substantially andl or dynam cally bal ances the ) oﬁ 00700281
Fonnecting neans' relative to the main axis. 36. The devi cengliecgivﬁ e July 2001
gwherein the clank<has an effective center g mass s which, together with

4 he connecting nmeans and the or each piston, remains statianary or

ubstantially stationary relative to the main axis as the crank rotates.

g8

~#37. The device of claim1l, wherein the device has at |east two such

2i st ons, wher ej h figuration of. the C1 4193478

#ngagenent ~o g%‘%%ﬁ?‘ggg%%a HERL ¥ L%toflcf)'%é)g%%%iﬁ%ﬂ% s@%%%ﬁ@ﬁé{

Zhar noni ¢ not i ofdEBCannEL DI PEEC orly Fiave Fideigs L REEIRES BRPICAPR By east
sbne pair of su@kﬁnéi@taémflmgglh each pair of pistons has a nass the
Zotion of which is equivalent to a single mass orbiting.in an orbit. 39.
drhe device of Figwen283 showes Sinthermeiner yariation of the ingenhion havimg anryshapedi ce of

sher ei n t he nDhieniberf3002eHd& intstide B0S4 ahichi is phictsd abobnsxip B096.1FHel aik 3093
glhe device of E'@t%at?d‘ﬁﬁﬁféﬁidfgaﬁégo@g‘d and the connecting neans are

,; onbined in the formof a circu cam 20 43. The device of claim 42,

erein there HARSH f@ﬁ&&%s%?%-tgﬁg%gg}?gﬁgﬁgmgfzogl ﬁél%ﬁl?” wherein the

i ston axes are at an angle to-eac evi te of “cl ai m 44,

TR S
19 - 1 ar 2 ] 1o 0
3 Bgiagle[m gz ika @g@ﬁ@cﬁ%ﬁlﬁ?@ms asi]t;ﬁ'o ower moveéi ale}gng%eesllgte fl‘rgg‘,gth%m y

position of the valve 3101 may be varied. The carrier 3104 is pivoted about axis
3106 to provide further control of the valve’s position.

Figure 207 shows a variation of the invention and is similar to the Figure 203

15 device. In the Figure 207 embodiment, slot 3110 is arcuate and an arcuate shaped
follower 3112 is provided to slide in the slot 3110. The carrier 3114 is pivotably
mounted by way of an eccentric 3116 about axis 3118, This enables the sideways
position of the slot 3110 to be varied. The radius of the slot 3110 may be any value.

Figure 208 is a further variation of the Figure 207 device and is similar to the
20 Figure 207 device except that the slot 3120 on the carrier 3122 is not arcuate but
follows a multi radius path. To accommodate this the slider 3124 includes two
rotatable followers 3126. Thus as the slider 3124 moves along the slot 3120 it
moves sideways relative to the cylinder axis. Movement of the slider 3124 relative
to the intermediate member 3022 is accommodated by pivotably mounting the two
25 together at axis 3128.

Figure 209 shows a variation of the invention in which a connecting rod 3130 is
pivotably connected to a piston 3132 and an intermediate member 3134. As with
other embodiments, the intermediate member 3134 is movable sideways relative to
a connector 3136 mounted on the big end 3138 of crank 3140. The intermediate

30 member 3134 is pivotably connected to a slide member 3142 at 3143 which slides
in slot 3144 of primary carrier 3146, The carrier 3146 is pivotably mounted on a
secondary carrier 3148 at 3150, The secondary carrier 3148 is movable along axis
3152. This axis 3152 may be perpendicular to the cylinder axis or at an angle other
than 90°. As can be seen, the intermediate member 3134 may be moved sideways

a5 5o that the line 3154 joining the pivot points 3156 and 3158 of the connecting rod
lies at an angle other than 90° to the cylinder axis 3159.

Figure 204 shows a variation of a scotch yoke device having a crank 3200,
connecting assembly 3202 mounted on big end 3204 and pistons 3206 pivotably
connected to intermediate member 3208 by conrecting rods 3210. The
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47. The device of claim46 wherein the neans for adjusting incl UW
'nnectl ng rod nounted to the piston and the engagement neans. 8- U00Me0281
dgvice of claim1l1, wherein, at top dead centre, the main axis Rcgived 26 dulyro01
t#he piston and thebig end axis. s 49. The ﬁ\“ ce of claim1l) wherein, when
tdhe piston is at top dead centre, a line joPAing the nain and big end axes
paral lel to and spaced fromthe piston axis. SO. T he device of claim

yne oining the rral n..and bi g end axes i T al ced from
rJespect Pve PRETBTHiat memberipgo ady Dames il %AW'SFS

Bvi ce which i ndpsraRags 3214,3R, Paid ang l?rﬁmcbﬁﬁe@mlymﬂwtﬁdﬁggﬂhmgﬁgnd
rrber havi ng am,&xind IhTeh heightobthe diametis threesanme as thatiof thedntermadiateanember
piston arrangensaos bavitrdrane kédiis gretepictiansidovatsatdotiar oftthe ing@gsdiagot | on
@ a cylinder salnwaﬁb@most@alﬁﬁéesplsﬁohﬁsmﬁs sé?@l\é"‘[@eﬁazﬁé?ssﬁﬁ &‘ﬁ@!ﬂ! rea
Br pendi cul ar tm&%@%% § vedial ﬁ'ﬁ)tvcs?ﬂﬁl Bhhouak Al 4d @f the

#®nber and the ransterrisn t| on er
the fol | ower % gé ﬁ%fég Nt @s Eswar
3%t ween two end%ﬁ)‘%?‘??f"f 1afipo; ds ehanged whilst
ggpnstraining th f'p @Sfa:ll%ng the pi ston axis; wherein at |east
-k= of each restrl cting neans is located within a vol ume defi ned by the
p'st on cross-%edsinag tafegures 3} Gt T thersrigshaven pilsiddeviee 4940 hpvingiasranit
@cated on the @@iZretatingebbstawank atiedd Loamits opustohs40 ANENPERaSHEIn v
#EAIAU - _. .. cylinders 4016 in 2 V Riafightddioh ODRSHv Fpiewiny &0 L2&re Luhyectd0d e SS. @
~ crank 4012 via a single slider mechanism 4018, which is rotatably mounted on the
big end 4020 of the crank 4012. The big end 4020 extends between webs 4022
15 (one of which is shown) The slider 4018 has two T-shaped tongues 4024 which
slidably engage in corresponding slots 4026 (Figure 215) in the pistons 4014. As
the crank rotates, the slider 4018 slides relative to the pistons 4014, which are
caused to reciprocate in the cylinders.

Extending downwards from the base area of each piston are two guide bars 4028.
20 These bars 4028 extend on either side of the slider 4018 and slot 4026. In addition,

each bar extends below the slot 4026 toward the crank axis 4013. Whilst two bars

4028 per piston are shown, it wil} be appreciated that only one or more than two

bars per piston may be used. Where two or more bars are used it is ot essential

that they be located symmetrically relative to the cylinder/piston axis; the bars may
25 be positioned to one side of the slot 4026 or asymmetrically on both sides.

A corresponding number of guides 4030 (Figure 215) are provided for the guide
bars 4028 and are attached or integral with the crank case. In the embodiment
shown, each guide 4030 includes a U-shaped channel in which the respective guide
bar 4028 reciprocates.

30 As best seen in Figures 216 and 217, the big end 4020 is supported by two webs
4022. The guide bars 4028 are positioned on the piston 4014 to lie between the two
webs 4022 when viewed from the side. In addition, as best seen in Figures 210 to
213, the guide bars 4028 extend along a plane parallel to the ¢ylinder axis toward
the crank axis 4013. Thus the provision of the guide bars does not require

35 additional space in the crank case.

As the crank 4012 rotates, the pistons 4014 reciprocate in their cylinders 4016 and,
as seen in Figures 210 to 213, the guide bars 4028 move up and down with the
pistons 4014 into and out of the volume swept by the big end 4020.

At bottorn dead centre (Figure 210) the guide bars 4028 may extend to be just clear
ac  of the sleeve 4034 of the slider 4018 and so allow the guides 4030 to lie as close to
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52. The iievice of claimb5l, wherein each piston arrangement has two
surfaces. 53. The device of claim52, wherein there is a single fRCTABG0/0023)
or each piston and' the follower bears on both surfaces. 54. Hewiwgwisof l}p 00]
& ai m 52, whereppdhe nenber bears on one surface and the s follower on th

# her surface. 55 The device of claimb52, ftherein there are two foIIowers,
gach of which bears on one of the respective surfaces. 56. The device of

i ai m S 1, wherein each piston arrangenment has one pi ston. 57. The device

._‘j' cl ai m 51, ei n_each piston arrangenent has two stons ,0 58. The

devi ce of clai nfhgfwe@ﬁ@?w offbp crank skt ey passiflenghis stfapa pempasts and one
1 | over | ocat etPTHtumEm, Wit thadistinee betsvees the piston dowe 4036 am arank £id., /

wherein the f ol #@ldeto besminimiisedul ar cam having its centre offset fromthe

@ain axis. 60. The device of claimb51, wherein there are two:or.nore piston

af rangement s asRémeEgthxlgt@Hﬁﬁlﬁ@ﬂiﬁhowﬁhﬂu‘[@dsﬁleﬂwﬁ)ﬁv atnR %012
dherein theres aﬁmdh%w%ssdﬁéﬁtﬁﬁfﬁ!&%mﬁan& & £b éﬁﬁﬁ?ilssm a&%ee g! {0” In
the first arran @30 O e 18 eﬁgg ?6%% ﬁ@ ggiéﬁgi?fw Son in
tthe second arra ﬁ{mb

9. zo 63. The devi cégcﬁl gflzt Iﬂvxﬁ%q’@ilﬁ e gpan C]é‘é‘éfh of
%hi ch engages p? SREASINTORSER Wi ghengagement m@%w%‘iﬂsm@ffw dhelevi ce,

#hi ch i ncl udes: SHEPBRIDERS MpRs| mPmeValong M¢WLW@O%KJ@@®E§R6@E?H%W5 July
001 9288. doeo Seearings or via other means.

Mounted on the engagement means 5024, or integral therewith, is a piston 5026,
which is mounted in a cylinder 5028 for reciprocal motion along cylinder axis
5030.

The engagement means 5024 is in the form of a triangular loop and the connecting
15 means 5020 is positioned so that the linear slot 5022 always lies with the big end

axis 5018 between the slot 5022 and the piston 5026. The piston 5026 is

constrained to move along the cylinder axis 5030 and so, as the crank 5012 rotates,

the slot 5022 remains horizontal with the connecting means 5020 moving both

vertically (and moving the piston) and side ways, relative to the engagement means
20 5024,

The effect of this arrangement is that the crank axis may be moved nearer the
cylinder head 5032 than otherwise.

Figure 219 shows a variation of the Figure 218 embodiment in which all parts and
arrangements are the same except for the engagement means. Accordingly, the
25 same numbers are used for the same components.

In the Figure 219 device, the engagement means 5040 is not a closed loop but is
open on one side. This may aid in assembly but functionally the arrangement is
identical to that of Figure 218.

Figure 220 shows a further embodiment which, in some ways, is derived from the
30 Figure 219 device.

The Figure 220 device 5050 includes a crank 5052, crank axis 5054, big end 5056
and big end axis 5058. Connecting means 5060 is rotatable mounted on big end
axis 5058.

Two co-axial cylinders 5062 are provided with respective pistons 5064 mounted
35 for motion along the common axis 5066. The crank axis 5054 is remote from axis
5066.
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a ~ ~cluding a big end having an axis which arbiis about a main axis for
t#ie crank; connecting neans nounted on the big end axis; at |east PaGilé!Amjoyoozgl
¥ pistons, each piston being. nmounted for reciprocal notion irReseived2s July 2001
rgspective cylinger. al ong a respective pistgn axis, the piston axes of each
pRir being at 90 to each other, each pi ston‘%ngabi ng engagenent neans on
#e connecting means; wherein each pair of pistons has a mass the notion of
@i ch is equivalent to a single mass orbiting in an orbit; ~o the centre of
iss of the conngcting.neans is |ocated on or adjacent the big end axis;
g4d the crank i nclUFEPIHORLM \deb‘éfdﬂ(f@?g@ﬁ SFAIMQN SREAZOMER! | y
qiposi te the bi JeRd S8A% wahich in genetallynEsbaped mithears argns A Mecxdending away fonit he
gunter wei ght iamid 30660 Breféreblygthe\uaines 170wk tends atD0Pits Ste avis SOGOb ik iCalt! v
aRd/ or dynani calessenkial. 156, padferably, 8¢ ArmP5070NE14HS Frodf appiSxiblAelondiaheas 1 Ng
rgl ative to the Hetodda tﬁéﬁfs%on%‘ ﬁﬁﬁ%ﬂag%%fs?s ﬁ&t%ée&ﬁlﬂ[y and/ or “dynam-cal | y

c

Al ance all or part of the mass of th& connecting deans relative to the

Rank axis; and TR ERORPOEELdILL LoffiSind fedledosnablolrand el égra%ioca' Y
i & ’ Yref OnglE
ank s, 65 %ﬁﬁ%ﬁé&%édﬁ St iy Bt Oy riSre e ladie e
He third mass SFErEY Qe & oY (s Rretarbly

- T

& R4 ol P%al ances the nass
¥ the pistons. .66. evice of claim64 wherein the orbjt_ is not a
3ol bad the (hF o i es The e pseitRe O BD Sed AL frog ohd hasp
firection. zs'%6BUdeECREG Y& 2g¥high is mosBiedre o6 imguide merps 3074, ddeghida i s
4rzil el or per peesas S0Vadefinesa WotsHicavhiol extorndspasallebfo axis H0GMand sif aids in
gfst oas. AVENDEBnSHihg-thePhatiétlof tHe@ltAkSIAAINRE knpaeaicnethedhs J088/is 2@l to
dsa.aa 57 68. ik o6l G@i&fm%ﬁéﬂﬂrﬁ:ﬁemﬁﬁkBd?@ﬁxoﬁﬁ@&%ldn(%ﬂt?é‘%’%%ﬂ% &b ¥id
fevent rotary nRYi8lishly thBe1RANRThS PetRE 3064, T8 HAL Lokt ShPbRIA0 s062 -
2 15 are mounted for reciprocation on the oppesite side of big end 5056 from guide
means 5074,

Figure 221 shows an embodiment of the device 5080 which is based on the Figure
218 embodiment but includes two co-axially opposed pistons 5090.

In this embodiment, there is provided a common engagement means 5082 which

20 engages the connecting means. The engagement means is effectively the same as
two of the engagement means of the Figure 218 device joined about 2 common
cross-piece 5084,

Figure 222 shows a further embodiment 5100 having a similar piston, crank and
cylinder lay-out to the Figure 221 device, In this embodiment, the engagement

25 means 5102 is Z-shaped but otherwise the device is functionally equivalent to that
of Figure 221.

Referring to Figures 223 and 224 there is shown an opposed piston scotch yoke
device 6010 having a crank 6012, cylinders 6014 on either side of the crank 6012
and two pistons 6016 mounted on a scotch yoke assembly 6018, The scotch yoke
3 assembly 6018 has a slot 6020 in which a slider 6022 slides. The slider 6022 is
rotatably mounted on the big end 6024 of the crauk. For clarity only half of the
crank is shown and in practice the big end would extend through the slider 6022.

The yoke assembly includes two identical pieces 60262 and 6026b. Each piece has
a centrally located mounting 6028 on which a piston 6016 mounts, a transverse
35 section 6030 and a longitudinal section 6032.

The transverse section 6030 extends generally perpendicular to the cylinder axes
whilst the longitudinal 6032 section extends generally paralle] to the cvlinder axes.
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69. A fluid deV| ce, which |ncI udes: a crank including a big end j @g}r[g

@xi's which orbits about a main axis; connecti ng means nount ed% R 00281
®nd axis; at | east one piston nount ed for reci procal notion i e"&“@ﬁlzsﬁ@ 2001
®l ong a pistonggejs; internmediate connecting means interconnecting the at
#Heast one piston 1o with the connecting ne&ns; and neans for adjusting the
Position of the internediate connecting neans relative to the at |east one

; he neans for adjusting includes a sl ot groove or, surface, which engages
Ehe intermedi at’ CReRIFl OPPhexisadiia. the Fagsyerspirad dengiwging! seqtions£980,062 éa n

."tabi i se the &03Demsbohhelagit®BR RvHilt ithheﬁ;tbieﬂdiéwof&loﬂmmdimliseﬁmﬁfth&%ai m
41 wherein the #@BOR HoRls GRARUFRE R idRakiek Pared Eh% %bd%ﬂmeﬁee@ds 3@?66’16‘” o€

SRR ST

.«oth 7~. The RSTSEEe 8% +is rotatable about
@n axis. 76. The deV| ce of claim®69 \/\herel n the rreans for adﬂyustl ng

Wncl udes a | i neéhfibuler spage €048 dspogitiennd sithis thechanpel thepueh which & balst / s,
;i,oroovel s, surf £0d4 pass tprevekeover tightyningrabd vatshing offthe flet.f or egoi ng.  77. The
evi ce of claim 69 wherein the intermediate means includes slidi ng or

Fol 1 i ng cont actAnbedteesn indFigumgdiid, thedonginndindl sectimds 6832 hgve diesedinds 6650.ce
#@f claim69 wherein the neans for adjusting is novable to change ao the

:—?‘f fective strokégufest2s antd L ékowtdhariaiibe of theFigwe 228 antd@4rdatrice wifich ze
igevice or the mcﬁm%%?daaéﬁb pﬂlhpmcénaxsosoef@a&ltwk& :anseérbgeaaaan of
gny of the foraggk oA ee}ﬁ/ﬂaﬁa{cﬁ %n@%

duly 2p01 9288.4o¢ gt%
tl n

; K5

Hevi ce havi n %E{'hg&l i n%gr &;&av

Maral l el cyl {) ﬁé (gi’f‘g and
Hncl udi ng as e%& ‘Fkﬁ?ﬂ&l’%‘ %Po?égéz ﬁ%%ﬂl@ ga

'.ot at abl y nountt @chmllﬁ%”rend of a crank shaft and in which the engagenent
mber reciprocates as the crank rotates, said engagenment portion being
pI it into two figntes 228end 28 showe %ls&elnmr;ﬁtmﬁ of thei yakeessenallyi b thise
ngagerrent por témodinehtittesyckeasgeattls 6060 Raglit dges tiercylindagads il fore two
eneral ly pafaalMahnéa@pbhﬁar@)sbwﬂmsexeﬁne%orﬁoﬁ é%@@-gﬁzﬁa@ﬂ&hdﬁhdﬂﬁémﬂbéﬂbl ar
o the cylindergprx FREMEAH ki %ﬁq@a@% 4 O rdevo
al m e

tRarts are ident K ly O rein only two
i xi ngs are req& ?%??odjglg%ﬁtre gﬁﬁff?%e Iwo parts toget her. 83. The yoke

R S A i

25 halves are secured together by bolts 6074 which pass through bolt holes 6076 at
each end of the arms 6066 and screw into the opposing arm 6066. The ends of the
arms 6066, when joined, form a receptacle 6078 into which the piston is mounted.
This receptacle allows the piston to rotate about the cylinder axis.

The assembly also includes joining members 6080, These joining members are

a0 located within the channel and have threaded studs 6082 which extend through
holes 6084. The members 6080 are secured to the two halves by nuts 6086 and
serve to resist bending of the two halves of the assembly out of a plane.

Figures 230 to 233 show conceptually components for building up yoke
assemblies.

[x
n

Figure 230 shows a yoke assembly 6090 comprising two non-identical portions
6092 and 6094. The first portion 6092 has a transverse arm 6096, a piston
mounting portion 6098 and a central arm 6100. The ends of the transverse arm
6096 have bolt holes 6102 which extend through the arm 6096 whilst the free end
of the central arm 6100 has a single hole 6104,
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a 84. The yoke assenbly of claim83 when dependent on claim 92 wfl) ﬁl n each
#lhannel is defined by only one of the parts. 85. The yoke ass 35 Aliogo2s1
H0 wherein each part includes | egs which extend and engage th QSPW@Z@émlyzoox
#6. The yoke as¥®Brtsly of claim 80 includinggtegs |ocated at the ends of the
_.o channel . 87. The yoke assembly of claim80 including a |eg positioned

#dj acent the channel at a md-point. 88. A piston arrangenent for a fluid
gevi ce, the arrangenent including a pi ston nounted for reciprocal motion in

# cylinder al orrgh@om' v
@er pendi cul ar t ép%oa)g@l@htﬁpth on 61913 Sﬁ{nﬂ%%ﬁ&g@ ﬁ‘&gi@?ng a
4i near surface ?a 0 %Cig#“? eFB E?Pﬁﬁ"%ﬁ‘?

gui de neans ada g&i‘?ﬁ ﬁéﬁfleﬁ’gﬁﬁ oh éﬁ?l‘sﬂaﬁ%ﬁsihelr
flounted on a bi vg:ho cﬁla gensypse aEG O 0@ hang crrtaal doftdwole 6114,
gonstraining the piston to nove along ao the piston axis; wherein the

i ston gui de SreReniassaeblsd theceoptrol om 61 ifbis-atiacieddo answasse a6 HI6 Byeabslt
fart of each repassingtthrogghthates6i! inorhdle d ] WEtSimilady wohsi6£1 0l afel amachdatot he

#i ston cross- sewisyerk anSIIEHy s pakangHOehIRNKs €1 1D e Bled Bﬁ)zb&éﬁ é,éon

Hornmed by the phsibon1@UisiEs RARS Efa
Becei ved 25 Jul 3-208},, 9258. doc 5% § eogﬁtabﬁraaedﬁgnt 0 bOtglgnE{

#he Linear surface PGl udes two or nore rollers. 90. The arrangenent of

Hlaim88 or 89,; I ctin S are i tht t on.
4o R soor “@@%%Pé_—cia %i $ ket B R el et BB
nd havi ng ana d and is parallel toamaln aX|sfor

#he crank; at ast e p| ston arran ement whi ch i ncl udes: EI st on nount ed
#Hor reciprocal ﬁﬂ’ﬁ)ﬁ @“ﬁ%ﬂ@@ﬁﬁo%‘)ﬁﬂ@mﬁ Brls in a

§l ane subst ant |‘aﬁﬂa}109@1h@@ﬁdwwdmﬂqabcmmportmgs tebd jeired tagether HEheainmpoaenss ,
&he piston havi fiRlehasrasamsserst annall 22y msowhiaiting 6p24 ped t6 wims 6138 t he
i ston axi s; sanektendiegfidm Hekane! SaPest the hassRrk e d1ne. BoRURIEHIRE hfd Ng a

ghannel , a rail mamqﬂ@e&a@&aa%ss@z@ &hae%?sdoarad% i it 12t e S
4l erent ' def i ni g Jg ol oL 051 G, 8L L85 1"% OCP&,& he
ath relative ts% t'ée nl? 0|n ﬁ“\}é}h enent
Heing integral W d e j}é@ 36% ﬁgﬁet“é? g aur

ans; and rest?} qIﬁée ‘t0 nove aI ong a defined path and to zo
onstral n one O}E}@H of the pi ston t he_scotch yoke_el enent and the
gonnecting r&fd ntaf dhiBrrratp lFambedinmat Aigwe 2328haWs & hat
dt | east part dfolier@mmmﬂ%mh’so party Wddtand 6 AdnEhaefisepyrt 6142 he

zongi t udi nal painhluges thesverwtarn §lie patenmotntings MB tahil e single lenpiudiet] aed by
ﬁhe pi ston cr os&kXedthe @t parted A4 pbeje§sindslte theak:a®yd 50 Rad 4 flovited with b2
Zhe device of Chalbgs P42 addheTS for AuKIRS LS &ﬁtahagsmawm%g%moﬁ%wf

mbers, one,of g4 cﬁ‘ﬁgﬁﬁs bSnbReAtE O AR FORREYEY Srbbdtndl hBSaSSAhGRey ke

gl enent to the § required - only four.,

ein

Figure 233 shows a yoke assembly 6160 comprising two identical parts 6162, Each
part includes a transverse arm 6164, a piston mounting 6166 and two longitudinal
arms 6168, 6170. In contrast to the Figure 231 or 232 embodiments, in this

30 embodiment the arms 6168 and 6170 extend from opposite sides of the transverse
arm 6164. Bolt holes 6172 and 6174 are provided at the free ends and base of the
arms 6168, 6170 to allow the two components to be joined together,

Turning now to Figure 234, there is shown a crank mechanism with 2 main axis

7001, having two webs 7002, 7003 extending outwards of the main journal 7025.
35 The webs support big ends 7005 and 7004 which have their own respective axis.

The axes are offset to each other by 30° to each other. The crank is used in the

fluid device of Figure 235 wherein the cylinder axes are at an angle 10 each other

of 75°. It can be seen in Figure 235 that the T-bar engagement surface is on the

piston, with the cavity on the connecting means, the reverse of the arrangement
¢0  previously described.
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93. The device of claim 92, wherein the rrenbers lie on aline which is so
dper pendi cul ar to the | ongi tud| nal path. 94. The device of clai mBEL/AOSrosg |
& here are two pistons, each reciprocating in a dual chanbered{Q@yﬂVB@aéﬂulyzool
#cl osed at eachygnd, a conbustion chanber being defined between each piston
jnd the cylinder end. A~LENDE7 ~HE= | PEA/ Al‘ﬁh'r PCT/ AU00/ 00281 Recei ved 25

;| stons for each bi g end t he piston axis of one pi ston being in a plane
i $erent from that of the outer piston. 96.. The devi ce of cl aim 95, which
d ncludes at | eZ4FUrBHE6 |8h9weéﬁ>f5§yah%w&e§wsa B te Giginveniqnwhereint thh
Foke el enent. WStOIH]@Q&\ﬁmngﬁﬁb ewedupoxedﬁwrrmmqm@tnqumﬁsmm thar face

i'w de neans endhgeshd fistoRl dRISIERIInEE &N Rciprodhealens) ﬂﬁﬁt reBclpe %@A&ﬂ"ng
sbr by both relteagd Qn&h'% 7 tomeaﬂefﬁ %Qf ‘mo%%an
P

d here are two 4@0&5 2@1& Hyc‘iv ftlﬁger‘ns 3dg;

gway fromthe cy

sl ave crank E%X‘P gm% vvh| ch |s aral71 ?#n rral n a 9
%t abi | h hgens 79 35‘1 s 7019, LFPFh
ﬁZnL 't ﬁett\ﬁoe?}?l}iﬁﬁ?%‘gﬁ%éaﬂ gﬂﬁgm?ée BRSABEIAEL gATS ceﬁe iReneside

54 ot at e t oget he©: f thephig epdeaxiieil e of cl ai m 100, wher ei n the means j oi ni ng

# he cranks are _gears. 102. The device of claim9l1 wherein there are two

%bi st ons ar r angddgum 237 plrpicts ¥t weophgioba sypeedavipeposoudingtodhe nvantomwbarem ane
#per pendi cul ar tee pistos 178082, 7008b akhdispised ebowtthanginads 7001 & D0degfees

erein the ||Wﬁé‘ﬁe§éﬂ6@@ﬁ?@iﬁ3@§0 emtweﬁibwmse%wﬁaawo

#Er0ss-sectionalge %@to QQH@&E@F}@ ?éd@d&é &%nﬁ"\’ﬁ&é the

i near surface ‘?lc t|on

#evice of claim e| ove Ohg] ﬁ%}’ ahas
cross- sect Poﬁ@‘l Eﬁ ﬁanotlga PIFTQB

&b liptical, cicadh %P cuat e, undul at| ng, rrushroom rod and "F" 106 The
¥levi ce of clal mgﬂl) wherein the restricting neans has a |ength V\/mch
Zbxt ends above ahtibbe appreriatedibeidhishsrill dhepisions repprocatnin o @anaer et hewi m
D1, which incl ateenskdbnlla stewaie bitnef phasnometanly ofiwr.tProvidedthat theopistonsr
}bonnect ed to tle sCikchmeaksssethe rigine sill badrpfeedy balasadc iris kisaiobviohe time ot ch
:;. oke el errentzot%m@m&heuh@we%wﬁﬁeﬂ@bme%ﬂﬂw% seyof claim
407, wherein ”&%nﬁ bd GHARG A TE HESal &-rg WP EHal R, Héﬁlé?}n oddie
zlevi ce of clai g 5&&90&% v:8§ u@ :8ﬁ‘xﬂa§ a'i‘é%‘%‘ei? St
er pendi cu he

main D SHc=
It is also clear that an engine designer may wish to construct a fluid scotch yoke
25 type device of a fype depicted and described herein wherein a degree of imbalance
is in some way preferred. Accordingly, the invention includes devices with their
pistons displaced at not quite one quarter of a sine wave out from each other, say
up to 10%-20% or even up to 50% of the sine wave out of true balance. This stili
fits broadly within the scope of the invention.

hich is dlfferen
2 PAf AU

30 For the purpose of this discussion, the engine is 2 90 degree vee twin, with the
cylinders 45 degrees to the left and right of a vertical centre line. The engine is
assumed to be rotating clockwise so that when the crankshafi is vertical, the left
piston is going up and the right piston is at the same relative position in its cylinder
but doing down.

35 The engine is assumed to be made up of the following components:
Crankshaft whose mass is concentrated in two positions namely the counterweight
and the big-end.
Conrod whose mass is concentrated in 3 positions, the left slider, the right slider
and the counterweight directly below the big-end.
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= _ PCT/ AU00/ 00281 Received 25 July 2001 9ass.ea 61 110. The device of any
_'ne of clains 1, 51, 64, 69 or 91 wherein the notion of the or eadly & 6100281
gs sinple harnpgik motion. , 111. The devicg of claim 47, wher &egeiy 23rBan 00|
flor adjusting is pivotably nmounted to the piston or the engagenent neans. s
£12. The device of claim95, wherein the two pistons lie is a si ngl e plane.
§13. The device of clai m 100, wherein the neans JOI ning the cranks Is a

gonnecti ng nmea ot nted to t S4tadk i ne
Hevice of clai ﬁ’ieri %ﬁﬁ&% P‘Fgonrse (}Segfﬁg éﬁg % i &Egl ch ex%-ends
dbove aad bel oﬁfwmﬁvw EE? any one of clains
4, 51, 64, 69 91, . wherein t devi c part

Fhe device of SHONGEY BPAY ?rgt%i engq_le?%r&nkggse Pi%ﬁlft’ et g‘g %%%%rgongéé
festricting meaneunted setheysandy d@g}f%ﬁ%mm@éﬁﬂgﬁﬂgﬂ@‘r f'laﬁ%e’é@%fi ned by the
area swept by the crank projected along the main axis of the crank. is 117.
qhe devi ce ok dimaginelthe engineih esseibladnstaringas followi g ends, each having a
gl g end axis, dnstailglopaikshafifehicleis tatinced ontitsewn. Thet i) its eemtreafimass iswt itvni n

Xis and the S%ﬂ@doﬁt@aﬁﬂﬂ,tﬁ%hﬁmhé&m@“@ﬂﬁﬂ?tbﬁlmgc&odybaiﬂneﬁd and wherein
fhere are two piston arrangenents, first piston arrangenent being on the

first big end @uuivhaatﬁ@e@:ﬁgommenedf@maea&n kel nBecibst He lefeaadight 9

gnd, the first sT-iEa%%El?é}n %@E’%Eﬁ%vm mcﬁdfméé&m@am %tsae%the
freen, 1=y, St Rt it Sl o
Pal anci ng t he % %?éeb gPtE gggg;%% uiated
Pi ston-type fl mgq;&ftt}aq.]gq» nFaéPerence

do 2s the dr avmhﬁ’@@ﬂaﬂ thm@mblya@s@mﬂ}%be@eée@ly&alwké type f1 uid

glevi ce, substantially as herein described, with reference to the draw ngs.
420. A piston éiqtaﬁ@%rtbmomdsmnmnh@/sme heeripforall he-theeisathehitisindaece

g 0 the drawi ngsortAVENDER:GNE-itd EnMeAld mass is at the big end, it will have no tendency to
ZA A5 A <. A AS1éER d&5teAranidbaRprtateAd 1R Ass2ofABe Sorhod counterweight is reduced,
H. AK A A . ABR sA%t%%én&d%@e 6@%@@%0%@8@&%&&%50@&& wdde. A A

A+. ASV5. AH. A4£9 A & %
- O M

fAe Av Aevb. Ae. ‘:_ . .
9@ @0 "0 tag@l 88pop N 2 22078
1587~F; <f mégé’e 5303 bepprsdly fEvaighty <228 " " | f p><37?8r ?;

,000> s<< W<># ’?3& <| >?f @

3> xf < P! % ' Essgém%%h%sterecﬁwﬁéh%eéoam;@ro @<px

% 0<8 L@(ppr” erimcs@@ |@@n;aﬁ<@swbe&hmmis@eéhm@a@oftbamm@

X<8x0xq " ~>0" 820d&ep 83@93 3 Db gountgrveight thereby reducing inertial forces

8C8p8p007?8° p’M@pnsraH?OA&@mﬂlqnﬁe vibuld Bp8Opreptnt@c OR08Groth rotating by other

0| 0@axx O<08| e @IcH @ 2 3eMdIPAT3m¥eHdndnr3 >1<{ XA>

Dpx 8 x>~<<8p8x 0@ 0| 880|8 @@ "8 |0<|<8p87?| <p8<>|?|?2?@ " ??<0 °

3 8807 08X@ O\  Of 2@l v &l Yi8lons) the Englﬁe L@@t%’t oA cE HowkvaOBAGRBO  ?

: XX IStOD motion is pgtfectly sim omc dthe 9 Qut

: '><@;@ ;0a8x 9pﬂa&@€he two Poge%eflaﬁj Yggﬂ ivallst ongﬁéo'?s@s%ugﬁ;@g m&a’g 0

Doo| | ~& "3 B I‘dgn&ﬁ%%%&f@@ eli’mé e croakehafcounserweighty o g

- C@7 " Mopmasscale e 1aasH of one piston (and adjusted to allow for the ratio of

2y 00000<’>pfg§_{3|kg1@ft epovoTadshalt co@erweightalistance) and the whole engine

_513 22222972 2<g| mmmamﬁm??? | pp ?

$037p8| 2?p?8>p8p?| | x0>pp888| Ox* * 80 098111
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Consider the general case when the big end for the first piston is at R degrees and
the big end of the second piston is at D+R degrees.
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The X co-ordmate of the first piston is Cos(R) measured with respect to its mean
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The Y co-ordination of the first piston is always zero.
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-O- 720 has a T shaped engagement means 7202 for sliding engagement witha T

3
§ shaped slot 7304 on the piston assembly 7300. A counter weight 7204 is provided
4 20 on one side of the big end journal 7206 to partially or fully counterbalance the
q mass of the connecting rod and the piston assembly located on the other side of the
big end journal 7206. The piston assembly 7300 also includes a piston crown 7302
and longitudinally extending guides 7306 for engagement with guide means to
constrain the piston assembly 7300 to reciprocate along a linear path. It will be
25 noted that the piston asserably is a made up unit with the various components
bolted together. Piston crown 7302 is attached to the central assembly 7310 viaa
bolt 7308; guides 7306 are attached to the central assembly 7310 via bolts 7312.

It will be apparent to those skilled in the art that many modifications and variations
may be made to the embodiments described herein without departing from the
30 spirit or scope of the invention.

dustrial Applicability

The invention has industrial applicability in relation to fluid machines in general
and more specifically to internal combustion engines and pumps.
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%11 109%' & ()-- plstonams the piston having a cross- ‘sectional area perpendicular to

piston axis, the piston having guide means including a linear surface
transverse to the piston axis, the guide means engaging engagement means
10 on the connecting means; and

at least one restricting means for constraining the piston fo move along
the piston axis;

wherein the piston guide means bisects the piston cross-sectional area
and at least part of each restricting means is located within a volume defined
15 by the piston cross-sectional area projected along the piston axis, but is not
located along the centre line of the bisection formed by the piston guide
means.

2. The device of claim 1, wherein the guide means includes surfaces which
extend substantially perpendicularly to the respective piston axis.

20 3. The device of claim 1 or 2, wherein the restricting means includes a pair of
members and a line drawn from one member to the other of the pair is
perpendicular to the center line of the bisection of the piston formed by the

piston guide means.

4.  The device of claim 1 or 2 wherein the restricting means includes a member
25 which is located on either side of the bisection formed by the piston guide

means but not along the center line.

5. The device of claim 1 or 2, wherein each piston has the restricting means
formed integrally therewith.
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The dewce of any one of claims 1 to 10, wherein the guide means engages the

engagement means on the connecting means by sliding.

15 12. The device of any one of claims 1 to 11, wherein as the crank rotates, at least
ope restricting means extends into a volume defined by the swept area of the
crank projected along the main axis of the crank.

13, The device of any one of claims 1 to 12, wherein the linear surface isin a

plane which is perpendicular to the respective piston axis.

20 14, The device of any one of claims 1 to 12, wherein the linear surface isin a

plane which is other than 90° to the respective piston axis.

15. The device of claim 13 or 14, wherein the engagement means includes two or

more paralle] linear surfaces which correspond and slide relative to the guide
surfaces.
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24. The device of claim 1 or 10, wherein the main axis of the crank is movable

relative to the or each cylinder, so as to alter the compression ratio and/or the

20 timing of each piston in each cylinder.

25. The device of claim 1 or 10, wherein the main axis of the crank is movable
relative to the or at least one cylinder, wherein such movement results in 2

change in compression ratio without any change in phase.
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the device.

15 31. The device of claim 1, wherein the main axis of the crank is moveable along
at least one path relative to the cylinder and the engagement means is
configured such that the piston is neither substantially retarded nor advanced

when the main axis of the crank is moved along said path.

32. The device of claim 31, wherein the main axis of the crank moves along a

20 linear path.

33. The device of claim 31, wherein the main axis of the crank moves along an

arc.

34. The device of claim 1, wherein the connecting means has a center of mass

located on or adjacent to the big end axis.
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36.

37.

33,

39.

40.

41.
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stantially and/or dynamically balances the mass of the connecting means’

relative to the main axis.

The device of claim 1, wherein the crank has an effective center of mass
which, together with the connecting means and the or each piston, remains
stationary or substantially stationary relative to the main axis as the crank
rotates.

The device of claim 1, wherein the device has at least two such pistons,
wherein the configuration of the connecting means and the engagement

means is such that the motion of each piston is simple harmonic motion,

The device of claim 1, wherein the device has at least one pair of such
pistons, wherein each pair of pistons has a mass the motion of which is

equivalent to a single mass orbiting in an orbit.
The device of claim 38, wherein the orbit is a circle.
The device of claim 38, wherein the orbit is an ellipse.

The device of claim 38, wherein the motion of each of the pistons is simple

harmonic motion.

The device of claim 1, wherein the big end and the connecting means are

combined in the form of a circular cam.

The device of claim 42, wherein there are two such pistons.

The device of claim 43, wherein the piston axes are at an angle to each other.
The device of claim 44, wherein the angle is 607, 72°, 90°, 120° or 130°.

The device of claim 1, which includes means for adjusting the distance

between the piston and the engagement means.
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The device of claim 49,wherein when the or one of the pistons is at top or
bottom dead centre a line joining the main and big end axes is paralle] to and

10 spaced from the respective piston axis of the one pistorn.
51. A piston-type fluid device which includes:

a crank having a main axis and including a big end member having an

axis which rotates about the main axis;

T

at least one piston arrangement having at least one piston mounted for

-
(¥

reciprocal motion in a cylinder along a piston axis, the piston having a

cross-sectional area perpendicular to the piston axis;

at least one follower located between the member and the piston for
trangferring motion of the member to the piston, the follower reciprocating

along a linear path, having a centre line, between two end points; and

20 at least one restricting means for constraining the piston to move along

the piston axis;

wherein at least part of each restricting means is located within a volume

defined by the piston cross-sectional area projected along the piston axis,

but is not located on the centre line between the two end points.
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54, The device of claim 52, wherein the member bears on one surface and the

5 follower on the other surface.

55. The device of claim 52, wherein there are two followers, each of which bears

on one of the respective surfaces.
56. The device of claim 51, wherein each piston arrangement has one piston.
57. The device of claim 51, wherein each piston arrangement has two pistons.

10 58. The device of claim 51, wherein each piston actangement has two pistons and

one follower located between the two pistons.

59. The device of claim 51, wherein the follower is a circular cam having its

centre offset from the main axis.

60. The device of claim 51, wherein there are twoor more piston arrangements

15 for each big end member.

61. The device of claim 51, wherein there are two piston arrangements, the piston
axis of one piston in the first arrangement being st an angle to the piston axis

of one piston in the second arrangement.
62. The device of claim 51, wherein the angle is 90°.

20 63. The device of claim 62, wherein there are two followers, each of which

engages pistons in both piston arrangements.

64. A fluid device, which inchudes:
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wherein each pair of pistons has a mass the motion of which is

9915

equivalent to a single mass orbiting in an orbit;

10 the centre of mass of the connecting means is located on or adjacent the

big end axis; and

the crank includes a counter weight located generally diametrically
opposite the big end and a centre of mass remote from the crank axis, the

counter weight including the equivalent of:

15 a first mass to statically and/or dynamically balance all or part of the

mass of the big end bearing relative to the crank axis;

a second mass to statically and/or dynamically balance all or part of the

mass of the comnecting theans relative to the ¢rank axis; and,

¥ ':wgmms.ﬁ..mnqumﬂv.mmm&z:&aﬂm;mmmmmm

a respective third mass to statically and/or dynamically balance all or
20 part of the mass of each pair of pistons relative o the crank axis.

65. The device of claim 64 wherein the orbit is a circle and the third mass
preferably statically and/or dynamically balances the mass of the pistons.

66. The device of claim 64 wherein the orbit is not a circle and the third mass
balances the mass of the pistons in a first direction.

25 67. The device of claim 66 wherein the first direction is parallel or perpendicular
to a bisector of the axes of each pair of pistons.
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at least one piston mounted for reciprocal motion in a cylinder along a

piston axis;

intermediate connecting means interconnecting the at least one piston
10 with the connecting means; and

means for adjusting the position of the intermediate connecting means
relative to the at least one piston or the connecting means or both.

70. The device of claim 69 wherein the means for adjusting includes a slot,
groove or surface which engages the intermediate connecting means.

15 71. The device of claim 70 wherein the intermediate conﬁecting means engages
in or with guide means to stabilise the at least one piston in the cylinder.

72. The device of claim 71 wherein the means for adjusting includes the guide
means.
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73. The device of claim 71 wherein the guide means are separate from the means
20 for adjusting.

74. The device of claim 69 wherein the means for adjusting is movable
transversely or longitudinally relative to the cylinder axis or both.
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75. The device of claim 71 wherein the guide means is rotatable about an axis.

76. The device of claim 69 wherein the means for adjusting includes a linear,
25 single radius carved or multi-radius curved slot/s, groove/s, surface/s or the
like or any combination of the foregoing.

77. The device of claim 69 wherein the intermediate means includes sliding or
rolling contact members to engage the means for adjusting.

78. The device of claim 69 wherein the means for adjusting is movable to change
30 the effective stroke of the pistons, the effective compression ratio of the
device or the position/time path followed by the pistons or a combination of
any of the foregoing.
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parts joined together along a plane generally parallel to the cylinder axes or a
plane generally perpendicular to the cylinder axes.

o

10 &8l. The yoke assembly of claim 80 wherein the two parts are identical.

82. The yoke assembly of claim 80 wherein only two fixings are required to
securely hold the two parts together.

&3. The yoke assembly of claim 79 wherein the engagement portion includes two
surfaces forming a channel in which the engagement means reciprocates.

15 84. The yoke assembly of claim 83 when dependent on claim 92 wherein each
channel is defined by only one of the parts.

85. The yoke assembly of claim 80 wherein each part includes legs which extend
and engage the other part.

86. The yoke assembly of claim 80 including legs located at the ends of the
20 channel.

87. The yoke assembly of claim 80 including a leg positioned adjacent the
channel at a mid-point.
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88. A piston arrangement for a fluid device, the arrangement inchuding

a piston mounted for reciprocal motion in a cylinder along a piston axis,
25 the piston having a cross-sectional area perpendicular to the piston axis,
the piston having guide means including a linear surface the plane of
which is transverse to the piston axis, the guide means adapted to engage
engagement means on a connecting means mounted on a big end axis; and

at least one restricting means for constraining the piston to move along
30 the piston axis;

wherein the piston guide means bisects the piston cross-sectional area and
at least part of each restricting means is located within a volume defined
by the piston cross-sectional area but not along the centre line of the
bisection formed by the piston guide means.
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. channel a rail, a channel and a rail, a bore and a bore and a rail, the
15 clement defining a longitudinal path, the big end reciprocating along the
path relative to the piston between two end points, the scotch yoke
element being integral with the piston or connected thereto via
connecting rod means; and :

restricting means adapted to move along a defined path and to
20 constrain one or more of the piston, the scotch yoke element and the
connecting rod means to move along the defined path,
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characterised in that at least part of the restricting means is located
transversely of the longitudinal path of the scotch yoke element and
within a volume defined by the piston cross-sectional area, projected
25 along the piston axis.
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02. The device of claim 91, wherein the restricting means includes a pair of
members, one of which is located on an opposite side of the scotch yoke
element to the other.

93. The device of ¢laim 92, wherein the members lie on a line which is
30 perpendicular to the longitudinal path.

94. The device of claim 91, wherein there are two pistons, each reciprocating in 2
dnal chambered cylinder closed at each end, a combustion chamber being
defined between each piston and the cylinder end.
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% 10 98. The device of claim 91, wherein there are two cylinders and the main axis is
"ﬂ adapted to be moved towards or away from the cylinders.

99. The device of claim 91, which further includes a slave crank having an axis
which is parallel to the main axis to stabilise the device.

100, The device of claim 91, which includes a further crank, the two cranks being
15 joined by means to cause the cranks to rotate together.
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101. The device of claim 100, wherein the means joining the cranks are gears,

102. The device of claim 91 wherein there are two pistons arranged in a pair, both
pistons being positioned in a common plane perpendicular to the crank.

103. The piston arrangement of claim 88, wherein the linear surface extends
20 diametrically through the cross-sectional area.

104. The piston arrangement of claim 88, wherein the linear surface is provided
with lubrication by lubrication means.

105. The device of claim 91, wherein the restricting means includes a web which
has a cross-sectional shape chosen from the folowing: square, rectangular,
25 elliptical, circular, arcuate, undulating, mushroom, rod and “F”,

106. The device of claim 91, wherein the restricting means has a length which
extends above and below the scotch yoke element.

107. The device of claim 91, which includes second restricting means being part
of, mounted on or connected to the scotch yoke element and adapted to
30 .constrain the scotch yoke element to move along the longitudinal path.

108. The device of claim 107, wherein the second restricting means is adapted to
pivot.

109. The device of claim 1 or 91, wherein the or each pision is mountsd on an axis
which is different from but perpendicular to the main axis.
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114. The device of claim 1, wherein the restricting means has a length which
extends above and below the linear surface,

10 115, The device of any one of ¢laims 1, 51, 64, 69 or 91, wherein the device is part
of an engine or pump.

116. The device of any one of claims 1, 51, 64, 69 or 91, wherein the restricting
means is restrained by means located in a volume defined by the area swept
by the crank projected along the main axis of the crank.

15 117. The device of claim 1 or 91 wherein there are two big ends, each having a big
end axis, an angle D is formed between the first big end axis, the main axis
and the second big end axis, the angle D being 0° or more, and wherein there
are two piston arrangements, a first piston arrangement being on the first big
end and the second piston arrangement bcmg on the second b1g end, the first

20 piston arrangement having a first piston axis and the second piston
arrangement having a second p1ston axis, the angle between the first piston
axis and the second piston axis being A, wherein, ir balancing the device, the
angle D is set at 2(A-90) degrees.

118. A piston-type fluid device, substantially as herein described, with reference to
25 the drawings.

119. A yoke assembly for a scotch yoke type fluid device, substantially as herein
described, with reference to the drawings.

120. A piston arrangement substantially as herein described with reference to the
: drawings.
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