WD 97/ 04225 PCT/ AU96/ 00449
OPPOSED PI STON COVBUSTI ON ENG NE TECHNI CAL FI ELD This invention relates to
i nternal conbustion engines. In particular, the invention relates to

i nternal conmbustion engines with inproved control over the 5 various

cycles of the eﬁﬂiﬂﬁﬁ operation. The invention also relates 2%Ebﬁ%®haﬂ$
conbustion engi Nes” w | nproved torque characteristics. BACK ART
i nternal conbustion engines such as used in au%onnbiles are typically of
the reciprocating type in which a piston oscilfating in a cylinder drives a

10  crankshaft via a conhecti ngopssSED PISPOR COMBUSTTONENGINESadvant ages in
conventional reciprocating engine design I ch di sadvant ages in large stem

whi
fromthe reciprocating notion of the pi STRRHMIGALBIERRC ( | ng rod. Many engi ne
desi gns have been devel oped %Iﬂhﬁﬁ@ﬁ?&l&tﬁgt&:Idﬁrhﬂtdoﬁib&sﬁh%@iﬁe%ﬂwmﬁaﬁ@ﬁﬁr.

of conventional int naI stion e nes, of, the 15 reci cat .
These devel oprent s '@ija(i? mﬁL@m'%l{?E?n egines.yith 'ﬂ?ﬂgﬁﬂ hé]gavey&e
eﬂgl ne, Enﬁ fengsngsmiauywwabs of G TLRYing’ S Gperation. uzmé mvmabmasloofeienés Ihfitﬂémal
the crankshaft an ne cases,, connec S nt er na
conmbusti on engi nes ?ﬂ'“rh"ﬁg Q?T%“Wé"‘&mé'ﬁént?fﬁ %%?ﬁ?%e the crankshaft
are described, for exanple, in US Pat enBACKGROURDART 282 20 and
Australian Patent Applicatio

No., 178 7/76 Hawever
this type of engine have all 3%85"5 Bquhgnwgsacﬁ‘f%tagggge&gﬁxc% '{e@?ﬁ%n
reci procating-type typghllyasfth@rdnipmhg:me in whigh laepistors bsajflating tina oylindemdrives a
pl ace of a crapkshaft not xpl
provi de inter ngb CO?’BU@P&I’]V@I’IBI %8@‘%’@'@ rfag 5 'ﬂle p%rgthhlgrr?ﬁéfggéne\g{%gg in
pi stons. Such an armgﬁuunatredpm&mreﬁghh desigmsm-imldnadvaaagastmmeusm from
No. 36206/ 84. Howev t.her

: : : ' j.gcl , dlik
di scl osures, that tﬁ'«r? RER gcﬁao Bp?g '%tﬂé) égﬂ'ﬁ‘?gﬁm{:s?zﬁ;ecaﬁnbe :Jsgd
in conjunction with anything MaﬂyennglhandeﬂgnsaIIMaﬁBBH Gevelapey 1O oyeeome the
| NVENTI ON 30 limitations ahil dlsid%}m%@s %ﬁgﬁalﬁﬁﬁﬁﬁpﬁod\m% 'eR mEQ of the

provide an internal st1on en Ke carm ng rot ary type may
have i nproved t18r queecipmraingityrs. c Jhese mwenamc ¢ dptant P'éﬂ!“e%tsuf"%ﬂéﬁ%

an object of the pr EﬁtﬁfﬁWaHKéI’HnbﬂE afY &E@Nést#ﬁ waich ab&hralcaﬁ@mifsé@ih plaes be
whi ch my over cone ti aset%?et crzgl?s'lawaft and, hln sorlngig\s/gsnt algneeséhr% rogélaguepg ' nternal
conbusti on engi nes. atle )
intemal combustion engines of the type where a cam or cams
replace the crankshaft are described, for example, in US Patent Number 4,848,282
20 and Australian Patent Application No. 17897/76. However, while developments in
this type of engine have allowed some of the disadvantages of conventional
reciprocating-type engines to be overcome, engines using a cam or cams in place
of a crankshaft have not been fully exploited.
It is also known to provide intemal combustion engines having
25  opposed, interconnected pistons. Such an arrangement is described in Australian
Patent Application No. 36206/84. However, there is no suggestion in this
. disclosure, and like . disclosures, that the. concept of opposed interconnected
pistons can be used in.conjunction with anything other than a crankshatt.
SUMMARY OF THE INVENTION
30 It is an object of the present invention to provide an intemal
combustion engine of the camming rotary type which may have improved torque
and engine cycle control characteristics. it is also an object of the present
invention to provide an internal combustion engine which may overcome at least
some of the disadvantages of existing intemal combustion engines.
35 According to a broad format, this invention provides en internal



35 According to a broad format, this invention provides an

I nt er nal WO 97/ 04225

PCT/ AU96/ 00449 2 conbustion engi ne conprising at |east one cylinder nodul e,
said cylinder nodule conprising: a shaft having a first nultil obate cam

axially-fixed tgQ sai haft and an adj acent second nultil obat
Joibuio? Feifitlses

differentially 0 said first nultilobate 5 cam for axra
rotation about said shaft; at |east one pair %f cylinders, the cylinders of
each which pair are dianetrically opposed witkh respect to said shaft with

said nultil obate c ' I A : ' N whi i
cyl inder, which pi g?@lr)g&g? egﬁﬁgtifﬁlg]ﬁé Ic |§I{ 'ﬁgk“ei%ﬁ‘&ém@@g isgllay&mr e

i nt er connect ed; Wh&PBPHSINGSai d nul til obate cams each conprise 3 + n | obes
where n i s zero or an even- nasheaft Raving a digst imultiobete/ \bem akially fidd torsaitioshaftgand

not Fon of said pistons,in. sai | i.oders | opacts .rf?);ar I_on "

shaft via contact Beﬁﬂl?é’ﬁ"‘s%ﬂ%"‘ﬁ‘%‘{“@%%ﬁamt%ﬁ@a gﬁ%ﬁqﬁé sgﬁlrﬁrgtcilg“h@*)ate

said nmul tilobats ceam.forl dxiaMcolntércrotation aboutisaid shafym t he for egoi ng passage

combusti on engi ne. ar o epl acBdeH ome et cvier i IR of S50 s Rl 7o

engi ne accordij?g tdiaiﬂmh ;c'alweuppbsw waereﬁ?ea oasaid nshiaftewith csadd cﬁuﬂlaobate camﬁ

connecting rod/crapnkshaft. arr enent .allows greater 20 control over the
iR eet BErRBAEER ahe

positioning of a p cycling of the engine. For exanple,
the period at which a pi st oma ipistaxt int egehdsaic eylindery which PStorsaof @ @aie of eylinders

It will be fur,[d’uer a@gﬁ@giﬁ%&g@g} the broad description of the invention
wo Ccyli

t hat al t hough rsare proVvided in the at |east one pair of 25
cylinders, a doubl e-acting pvheren, said imuitiobate camayeanbromptise 3 +nflekas where n

provi ded by the opRORRSoFyh biAimbdrédlintdyep” cOnnect ed pistons. The rigid
I nterconnection of pistons also elimnates torsional tw sting and mni m ses

piston to cylinder wall contand whemsine mRcinracating mption jof sald pistens in,gaid Gylindars
two counter-rotati RgpdrdTotaty | M¥on td)BEiI $HARNIE doRtaBE between said pistons and the
' 16  camming surfaces of said multilobate cams. )
It will be appreciated from the foregoing passage that the crankshaft
and connecting rods of a conventional internal combustion engine are replaced by
a linear shaft and multilobate cams in an engine according to the invention. Use
of a cam in the place of a connacting rod/crankshaft arrangement allows greater
20 control over the positioning of a piston throughout the cycling of the engine. For
example, the period at which a piston is at top-dead-centre (TDC) can be
extended. _ _
It will be further appreciated from the broad description of the
invention that although two cylinders are provided in the at least one pair of
25 cylinders, a double-acting piston-cylinder arrangement is in effect provided by the
opposed cylinders with interconnected pistons. The rigid interconnection of pistons
also eliminates torsional twisting and minimises piston to cylinder wall contact
thereby reducing friction.
- The use of the two counter-rotating cams allows higher torque to be
30 achieved than with conventional internal combustion engines. This is bacause as
the piston starts a power stroke, it is at maximum mechanical advantage with
respect to the cam lobe.
Tuming now to more specific details of internal combustion engines
according to the invention, as noted above such engines include at least one
35 cylinder module. An engine with a single cylinder module is merely preferred and



30 achieved than wth conventional internal conbustion engines. This is
because as the piston starts a power stroke, it is at maxi nrum nmechani cal
advantage with respect to the cam|obe. Turning now to nore specific
details of internal combustion engines according to the invention, as noted

above such engi | ude at | east one 35 cyl i nder rmdul e. ﬁg.gmw
wi.ith a single ci’ﬁ#ﬁ%ﬁsmdul e is nmerely preferred and 25

PCT/ AU96/ 00449 3 engi nes can have fromtwo to six nodul es. In mul ti - modul e
engi nes, a single shaft extends throughout all” nodules, either as a unitary

menber or as inter GAGRes bathaRidm Wfdmmodu%én InPrhbili-mok0 éi\\gldead&rsinelb%ﬁkﬁ
of multi-nodul e engi nea can he |§}@8 wi.t h each other or separate.

A cylinder nodule 5, fhrgughout H@P% ‘B‘&PF ag f ynitary {pespler ‘F‘b%e'!?@l"”““emd
engl PSS ?CCOfldl ng ishatt rﬁdﬁ%ﬁnSIrﬂBrlyti.ameabﬂlﬁdé‘rafbbcks\lﬂﬁf gﬁlh’ﬁrﬁodn;l]e @hging edah BeT
nmodal €. I n cylinder S ving two rs of cylinders, the pairs are
typically disposed! '&?9'3&‘@? c?‘t%h%é’éﬁeﬁ'ﬁ% Wth regard to the nultilobate
cams of engi nessaccording tOAtdymdbﬁmodul@wwi&auymasa émglé painbEcylinderss However,
preferted. This allows for six i tion cyvcles p evol yti

two- stroke engine. %BREY caecorging; ﬁeb‘ e o0 C8 aisé’nﬁ f"é’d H’? ?’hﬂdﬁ\ﬂeﬁg
five, sev?an ni ne amodule. eln c»}liadarpmdulasnhavhgl taocpalrs oacylmuelsamebpmmsgmnynw:ally
to control piston s . h.C stage of a cycle, such-as to

i ncrease the dwell @&%@%‘s@oﬁé&%r at 15 bott om dead-centre (BDC).
It will be appreciated by th¥th mefardkio thei multilobater carosh of engines iasentditg docthe
at TDC i nprovegs CO ﬁF}%{ W%Fﬂg

scavengi ng. Coﬁ?r rimé?'{'pl 's i(‘)&{!]ybé%e ﬁéougﬁal obe %)“rg% ﬁsngﬁal 8“’3“8"'
control of piston aewwlitiendniactwoestroke engjne. djowieveraengines can also bemonhfigyred mith
allows for greater . e Lned . | at fter TDC than is
possible with a 20 éﬂ%&ﬁ@hﬁvgnsglgg'ﬁ’3‘1®p&c§h§gﬁéyge%ﬁ)&&% " engi ne. Further
control features provi ded byAalobaof abtam mantbenasymmetiic¢¢ coniral gisterospesd pbat

openi ng speed corrp%% i%ts& 6l s SP@&d?saﬁ P@gﬁ% ﬁell%?%lﬁgﬁbf% reat

W th respect to_co UStIOﬂ ate ate cam can I Xe

t he shaft by ah§ rrdmemﬁmdmntrm(ﬁt?@ dt will be anpreciated, by those atskillipthe amhat an
first nmultilobate cgxgngad dwell at TDC improves combustion while an extended dwell at BDC

aliows better scavenging. Control of piston speed through lobe profile also allows
control of piston acceleration and torque application. In particular, this allows for
greater torque to be obtained immediately after TDC than is possible with a

20 conventional reciprocating piston engine. Further control features provided by a
variable piston rate include control of port opening speed compared with closing
speed and control of compression rate with respect to combustion rate.

The first multilobate cam can be fixed to the shaft by any manner
known in the art. Altemnatively, the shaft and first multiiobate cam can be

25 fabricated as a unitary member.

The differential gearing which allows counter rotation of the first and
second multilobate cams, also times cam counter rotation. The manner of
differentially gearing the cams can be by any manner known in the art. For
example, beve! gears can be provided on opposed faces of the first and second

30 muitilobate cams with at least one bevelled pinion gear therebetween. Preferably,
two diametrically opposed pinions are provided. A support member, in which the
shatft is free to rotate, is advantageously provided for supporting pinions.

The rigid interconnection of pistons typically comprises at least two
rods therebetween fixed to the undersides of pistons adjacent the periphery

35 thereof. Preferably, four rods are used, equally spaced about the periphery of a



25 fabricated as a unitary nenber. The differential gearing which allows
counter rotation of the first and second nultil obate cans, also tines cam
counter rotation. The manner of differentially gearing the canms can be by
any manner known in the art. For exanple, bevel gears can be provided on

opposed faces of_the fjirst and second 30 mul til obate cans w t
one bevel |l ed pi r}Yéﬂ?"ﬁ%ﬁ t herebetween. Preferably, two dianet rﬁ;‘g‘éﬁ’ﬁ"m;

opposed pi nions are provided. A support nenber, in which the shaft is free
to rotate, is advantageously provided for supp‘brti ng pinions. The rigid

i nterconnection of Mgk OGuide Bbévds! afe PRIINEH IS Glinde? Hddule’Rr FsidSinterconnecting
t her.ebetween fixed to the unger5|des of pistons "adjacent the perlghery 35

t hereof . Preferabl yPiSPRE slgpves, are dypically, sppfiguesd to.allow for, jaterplompyamernt of

of a WO 97/ 042250ds on piston expansion and contraction. _ _
PCT/AWU96/ 00449 4 piston. Cui qe SI eeves are provided in a gqyl | nder, nodul e
for rods interconnecting pist ict P &ad the, camming furfacas pf cams e i 8o

al low for latergl nRaHE?WhicH mirifiBed VibRitih @Rd PididNA | 1658es.N Advarthgedubly 08 roller
Cont act between pistons and the camu ngpjt%fggc S 0{9 cans is in ab nmanner

whi ch ni ni mi ses vi beaing s ARvided; en iths, 2 pistenfor gerjadting eagh camraipg

bearing is provi dedgupfacé.he undersi de of a piston for contacting each

cammi ng surface. It will be ci ated the, i nt ercognnectj on of pistons
conprising a pair of opposedqg‘%%ﬁgp'&?ﬁ?\agﬁ%ﬁﬁ P&Wg&%l 8%5@'38’?%%
t he contact area ofpakOof oppopedspistons aliavsi dontrolravel elearlance betyesm thel codiact ameatdie

contact does ndD r chERPED G55 sBler Beib. pgiid, U AT B Ao he FERRo, ditere o 4

convent i onal connectanng Fudkersere, his inanoersef aontaiet daasenad merjuire gradves iontheglike in

design. This featur Lhes. of. SLIg . [
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t he present inventienginesefisimiaradesigndi Hhjs featuracof angines tof jsiwilen degign ©arpvesun

two-stroke or four-ghddtePwedr ankd kchsdiveRioise 2which dldBdntEYes ardbibstanBally Bvsided ©

Is typically sugpl ied in conjunction with supercharging. However, any form
of fuel and ai r¥supipithe presenfdnveption.i n conj unction with a four-stroke

engi ne. Engines according to the present invention can be two-stroke or
four-stroke. In the former case, the combustible fuel mixture is typically supplied in
conjunction with supercharging. However, any form of fuel and air supply can be
used in conjunction with a four-stroke engine.
20 Cylinder modules according o the invention can also serve as air or
gas COMpressors.

Other aspects of engines according to the invention are in
accordance with what is generally known in the art. However, it will be
appreciated that only a low pressure oil feed to the differential gearing of the

25 multilobate cams is required, thus reducing the taxing of horsepower by the oil
pump. Furthermore, other engine components, including pistons, can be splash-
fed oil. In this regard, it should be noted that oil splashed on to pistons by
centrifugal force also serves to cool pistons.

Advantages of engines according to the invention include the

30 following:

engines are compact in design with fewer moving parts;

engines can be run in either direction if multilobate cams with
symmetrical lobes are employed;

engines are lighter than conventional reciprocating-type engines;

35 engines are more easily manufactured and assembled than



20 Cyl i nder nodul es according to the invention can al so serve
as air or gas conpressors. O her aspects of engines according to the

i nvention are in accordance with what is generally known in the art.
However, it will be appreciated that only a | ow pressure oil feed to the
differenti al 96@\5&%4 E t he 25 mul til obate canms is required, 00449
reduci ng the taxing of horsepower by the oil punp. Furthernore, other
engi ne conponents, including pistons, can be | ash- fed oil. In this
regard, it should be noted that oil splashed On to pistons by centrifugal
force al so serves tenveRdnabeRdingss. Advantages of engines according to the

I nvention include the 30 foll ow ng: engi pes are. c act i_n design wth
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easi |y manufactured and asseﬁ?ﬁﬁﬁéﬁgﬁpg)’% %ﬂ‘f’hf%pism""’?arml shatt Sorine ng
PCT/ AU96/ 00449 & onvadstdareeliminatedi nes; the extended piston dwell possible
because of engi ne design all I h r el r | i e
used; and reciprocating comg%ﬁ?fd%eés&%ngﬁgﬁgéﬁﬁgsﬁﬁaﬁ% “@%ﬁ%ec%éﬁgsg
rods are elin nat edf theumyltiebate dams tempioyed farethgt caras earcbe dione) easily manufactured

i nventi on because t ' . g;m.a I %’l@

more easily manuf aﬁa&rﬁﬂ%ﬁﬁ' %ﬁ&@%e%gveecamo&%r@ t‘"ﬁerI qd{ap g’ ex fd?ﬁggfagn%e
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enbodi nent s V\AH now be exeﬁ?‘%’#g@a\?\n@?ﬁyﬁc‘g?ﬁyﬁg@ rE)d.atﬁhe- apco?rﬁgbr?;/rﬁﬁgg_ wil
drawi ngs, briefly aewdeidxemplifiedawith referergrltethepRsompaying\drawings tbriefindesqdbed
Figure 1 is a cros fibd onal view of a two-stroke engine conprising 15 a

single cylinder no S e Wth the cross-section bei na al ong the axis of the
' BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional view of a two-stroke engine comprising
15 a single cylinder module with the cross-section being along the axis of the
cylinders and transverse with respect fo the engine shaft. _

Figure 2 is a partial cross-sectional view at A-A of Figure 1.

Figure 3 is a partial cross-sectional view at B-B of Figure 1 showing
defail of the underside of a piston.

20 Figure 4 is a graph depicting the position of a specific point on a
piston during traversal of a single asymmetric cam lobe.

Figure 5 is a partial cross-sectional view of another two-stroke
engine comprising a single cylinder module with the cross-section being in the
plane of the central shaft of the engine.

25 Figure 6 is an_end view of one of the gear trains of the engine
depicted in Figure 5.

Figure 7 is a schematic view of portion of an engine showing a
piston in contact with counter rotating trilobate cams.

Figure 8 is detail of a piston-having offset cam-contacting bearings.

30 Like items in figures are identically numbered.

BEST MODE FOR CARRYING OUT THE INVENTION

With reference to Figure 1, there is shown two-stroke engine 1
comprising a single cylinder module having a single pair of cylinders made up of
cylinders 2 and 3. Cylinders 2 and 3 have pistons 4 and 5 therein which are

35 interconnected by four rods, two of which can be seen at 6a and 6b.



cylinders and transverse with respect to the engine shaft. Figure 2 is a
partial cross-sectional view at A-A of Figure 1. Figure 3 is a partial
cross-sectional view at B-B of Figure 1 showing detail of the underside of

a piston. 20 Figure 4 is a graph depicting the position of a
speci fic point 0§7 Lston during traversal of a single asy gl %cu /E(mw
| obe. Figure 5 i "% tial cross-sectional view of another two-Stro

engi ne conprising a single cylinder nodule w té the cross-section being in
the plane of the central shaft of the engine. 225 Figure 6 is
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in figures are ide a u
| N\VENTI ON W t h ref i’ stop Am B‘ﬁg"P"EEE’ﬁ@?"@s Bé"é%{m'? begringse the ppsitigns; of
corrp][| Si Ing g smgl emgw?)a;a l|‘|e Hicatba ut mjaﬂd $1. ng! e pair of gyl | nﬁers made
up of cylinders an ave, s t ons
whi ch are 35 interconnect ehﬂwfqmsp 859'“?\/10'“8‘1’ t@ﬁ’ % t?g ﬁ'gnp
gg% 239 6/ 002?992/ 2%3514, oil sump 15, oil pump pickup 16, and balance shafts 17 and 18. The
i ne Q._i.nc ' f Welg
PCTI AUSG! 00449, =i bt i ok Apdoind 5036 Bt 25 BE ite L
is in fact co- incimbsilibnmfe)thaustmo&sl n the view shown in the figure since
pistons are, S4GDC o BUC. Pl &Fols Nais's 6718 ol MePin rbabebdfi
Ot her features of eatgwgnwmshafbvm dﬁerenthl QgeRtng wnleh yilhshortly bg<desgribedd The
oil sunp 15, oil 3&4 g b%maﬁﬁ%tﬁrﬂ pel #séureThsnA aﬁwn
cated at 19 and

of inlet ports are i N | so corresponds to
posi tion of exhaustlobssrare in slightly different positions tp theserfhowp in Figuts hure 2, cams 8

and 9 are shown in greater dehgiglifferential; or timing, gearing comprises bevel gear 21 on first

15 cam 8, bevel gear 22 on second cam 8, and pinion gears 23 and 24. Pinion gears
23 and 24 are supported by gear support 25 which is secured to shaft housing 26.
Shaft housing 26, it will be appreciated, is part of the cylinder module. Also shown
in Figure 2 are flywheel 27, pulley 28 and bearingé 29 to 365.

First cam 8 Is essentially an integral part of shaft 7. Second cam 9

20 can, however, counter rotate with respect to cam 8 but is timed to the rotation of
cam 8 by the differential gearing.

Figure 3 shows the underside of piston 3 of Figure 1 to provide
detail of the roller bearings. In Figure 3, piston 3 can be seen plus shaft 36
extending between bosses 37 and 38. Roller bearings 39 and 40 are carried by

25 shaft 36, which correspond to the roller bearings as generally indicated at 10 and
11 of Figure 1. '

Interconnecting rods can also be seen in cross-section in Figure 3,
one of which is indicated at 4a. Sleeves. through which interconnecting rods pass
can be seen, one of which is indicated at 41.

30 Although Figure 3 is at a slighlly larger scale than Figure 2, it can
be appreciated that roller bearings 39 and 40 can contact camming surfaces 42
and 43 of cams 8 and 9 of Figure 2 during engine operation.

The operation of engine 1 can be appreciated from Figure 1.
Movement of piston 4 and 5§ from left to right on a power stroke in cylinder 2
35 cahses rotation of cams 8 and 9 via contact therewith through roller bearing 10. A



along with shaft 7 and differential gearing which will shortly be

descri bed. The cross-section shown in Figure 2 is rotated 90[err] in
respect of Figure 1 and the camlobes are in slightly different positions
to those shown in Figure 1. The differential, or timng, gearing conprises

bevel gear 21 op first 15 cam 8, bevel gear 22 on second Cagpq9ausdidblies
pi ni on gears 23%#’“2 ~ Pinion gears 23 and 24 are supported by gAéar

support 25 which is secured to shaft housing . Shaft housing 26, it wll
be appreciated, is part of the cylinder nodul € Al so shown in Figure 2 are

fl'ywheel 27, pull eysfgs%oga&ighewégfaeﬁoc%&st Ratationdt'cain & fBcts fobatiBA DF Bhated Mhilen
integral part of shaft 7. Second cam9 20_  can, however, counter rotate
with respect to cafPentphiotatiogtcam-8 alsp contribulesata the rotatien of shafl 7; by way of the

differential geari Qgferdritiglgehring e Wigur@2).under si de of piston 3 of Figure 1
to proVide detail of the roller bearings, In Figure 3, n be seen

i ston 3 C
plus shaft 36 extending bet wBesause Stthe ssissoraet ._grggg?qtgl%hﬁ@d&tﬁiggé‘ggaaqweﬂo
are carried by 85 strékafthan3fe podsibld) withr & cdpgstiiohal érine Olindved) dvr istigi/siston

B T ooce: s el oned s Pt 17 587 o i g
Sl eeves through whicehfigundtiohGehile stil progiding ddeqirrs torque. be seen, one of which
| arger scale than Figure 2, obelioptum ol 30dnes sfsiyiog w B inveiy Sgs, by
and 40 can contact Riguni1rig tea tHeoeqavalsit afithe £8ankbassaofa énaentiohabéngifegasealed
Flgurs 1 Novelbn i Brese o FieRle; S oTiBoRfe! ok SHBRSET e fiodeod
in cylinder 2 35 noawiled fuebtoche usedpthus aeducihiganging emissionsomponentier ewi t h
o) S0ash 2P Tsar” ace SR 43T s, pnd e 2t ToS apd B g an
ef fects rotation ofasyinmietric7caniiobe isdepitted in Bigurei 41 gFigunn Disa plot ofom spedifigt point
t20 the rotation of ghatfed, BY n\@%sﬂﬁ ds atgé'%ﬁfeaﬂtrﬁi@-lpo@f%,i 8¢ (42and BB £7.
). Because of the Scirssor action, greater torque Is obtalned on a power 5
stroke than i s1posSBeashusarof An asyometintdasn lobecthgi spsed jof thecpistopiran be controlled.
stroke/ pi ston Firstly, it can be seen that the piston resides at TDC 46 for an extended period of
time. Rapid piston acceleration at 48 provides higher torque on the combustion
cycle while a slower piston speed at 49 at the end of the combustion cycle allows
better port control. On the other hand, a faster piston speed at the start of the
20 . compression cycle 50 allows faster port closure for better fuel economy while a
slow piston speed at the end 51 of that cycle gives better mechanical advantage.
Tumning to Figure 5, there is shown another two stroke engine
having a single cylinder module. The engine is shown in partial cross-section. In
effect, half of the engine block has been removed to reveal intemal defail of the
25 engine. The cross-section is in a plane coincident with the axis of the central shaft
of the engine {see below). The engine block has thus been spiit at its midline.
However, some engine components are also shown in cross-section such as
~pistons 62 and 63, bearing bosses 66 and 70, trilobate cams 60 and 61, and a
sleeve 83 associated with cam 61. All of these items will be discussed below.
30 Engine 52 of Figure 5 comprises block 53, cylinder heads 54 and
55, and cylinders 56 and 57. A spark piug is included in each cylinder head but
has been omitted from the drawing for clarity. Shaft 58 can rotate within block 53
and is supported by roller bearings, one of which is indicated at 59. Shaft 58 has
a first trilobate cam 60 fixed thereto, which cam lies adjacent a counter rotating
35 trilobate cam 61. Engine 52 includes a pair of rigidly interiinked pistons, 62 in



di aneter relationship depicted in Figure 1 can tend to a significantly
over-square configuration while still providing adequate torque. Another
feature of engines according to the invention revealed by Figure 1 is that
t he equi val ent of the crankcase of a conventional engine is sealed 10

W th respect tovggg.j{&gﬁr s, unlike conventional two-stroke engig&suodtidedo
allows a non-oil'ed fuel” to be used, thus reducing engi ne em ssion

conmponents. The control of piston speed and dwgll at TDC and BDC using an
asymmetric camlobe is depicted in Figure 4. Ffgure 4 is a plot of a

%Eciélg ic 80:3& 29 aiyﬂﬁdér@ﬁamlaﬁﬂfwﬁrﬂéﬂﬂ?.OBBtohfs&%dlﬁﬁwfﬁﬂ?ﬁib@mioﬁhnéf&?gh
pi ston 22n be cont r@a?'ewseq%%?ﬁ% "W% %@%?@pgﬁcﬁ@ mdgtegl??e'ﬁe %fgé."e
at TDC 46 for an exa diffidcant planedd thé remainder IMMejcqnss-swtiomnt_ﬂieedraMngn Siilasy,
Bt “46"at the end of MY ipeis b GrERERF i eingolia Teckand ool BY Sh Bo e ot 6
ot hler handl, I a fsfst esame plape aqa#mjremafimdee of t the t crads-gebtion2 0 The crelationshipi bletween
50 . . i]le. .
cyoL e S0 a1 one | nsShadl b Bt e Uiiod i S5HRAY HU bR A
Tur n: ng t?i Ehglrjr (ram SFigureerteta &)s!ﬁow?l? afaetends mmalwpﬁd:leﬁk?hzﬂmrdg ingludes
ot foct, half of fheroruret SuGad Yhiir® o WFnocing Jois Yoek ” i S Rl e
of the 25  engi ne.connectinggods, andthenae ithe pigtons, in alignmeant with desnexig\of thetgylinder

axis of the cenpral nehgét of the engine (see below . The engine bl ock has
thus been split at its mdline. However, sone engi nhe conponents are al so

shown i n cross-section such &lig7 beasings @ge interresed betweem dhe, yadassidessot,pigtony
trilobate cans 60 m%,caﬁﬁﬁin%siﬁﬁﬁ%.%%f% fifobafe énfyl Ribfelting0 piston 62, thee is
el Ow.

these itens will be discussed v. 30 . . Engi ne 52 of Figure 5
compri ses bl ock 53, MEYHPH A8 e, uetside; ot e Piston abeeriag bpFR 6 Whisk holisheft 67xfor
Zpar_k pl }Jg i sI i ncl um%k b?ﬁﬁgg;asaw .Bedeseah@da.butmiftﬁ%a:h5mm3 lgisehﬁnb 69 conthte
raw ng for clarity. can rofat thin_ pblo and.l s, su rte
by roller -bear ?Iﬁgs,c%gqmtltwﬁibgﬁppgecp%gﬁg%ﬂpé%o%pgwﬁh%g?fcpeggcaiggr@g |°P§? 0
tril obate cam 60 f i withishéficaret lmarings. ch carnaisd be apprériated ftomabearing tbess 7®that web

35 trilobate Camvﬁbgl}%gﬂ.} %Epr%%riétg Sl 1 al pasthod bPind!véalitl Bods! "ES' 53a

pi stons, 62 in
PCT/ AU96/ 00449 8 has a similar opening but the portion of the web shown in the drawing is in the

same plane as connecting rods 64 and 65.

20 Counter rotation of cam 61 with respect to cam 60 is effected by a
differential gear train 71 mounted externally of the engine block. A housing 72 is
provided for holding, and covering, gear train components. In Figure 5, housing
72 is in cross-section while gear train 71 and shaft 58 are not in cross section.

Gear train 71 comprises a sun gear 73 on shaft 58. Sun gear 73

25 contacts drive gears 74 and 75 which in tum contact planetary gears 76 and 77.
Planetary gears 76 and 77 are connected via shafts 78 and 79 to a second set of
planetary gears 80 and 81, which intermesh with a sun gear 83 on sleeve 83.
‘Sleeve 83 is coaxial with respect to shaft 58 and the distal end of the sleeve is
fixed to cam 61. Drive gears 74 énd 75-are mounted on shafts 84 and 85, which

30 shafts are supported by bearings in housing 72.

Portion of gear train 71 is shown in Figure 6. Figure 6 is an end
view of shaft 58 when viewed from the bottom of the Figure 5 drawing.

In Figure 8, sun gear 73 can be seen about shaft 57. Drive gear 74
is shown in contact with planetary gear 76 on shaft 78. The figure also shows

35 second planetary gear 80 in contact with sun gear 82 on sleeve 83.



cylinder 56 and 63 in cylinder 57. Pistons 62 and 63 are |inked by four
connecting rods, two of which are indicated at 64 and 65. (Connecting rods
64 and 65 are in a different plane to the remai nder of the cross-section of
the drawing. Simlarly, the points of contact of the connecting rods and
pi stons 62 and Sfageot in the 5 sane plane as the remai nGgip Qloslobfo
Cross-section. e re?ationshi p between connecting rods and pistons iIs
substantially the sanme as for the engine shovvrbi n Figures 1 to 3.) A web
53a extends internally of block 53, which web % ncludes apertures through
\r/]\,hl ch Eﬂe c_on?ectl ng rods paﬁsﬁan E?lgfﬁaaw@w@ws{ggﬁesc?gpgﬁcmger,ggﬁgn,?fw
ence the pistons, in [ Wi e a . the cylinde  nmodul e.
Rol | er bearings ar @x?'f‘?Pa{@r ng‘gﬁ %?Qﬁgﬁﬁ‘f‘ Pﬁ%rxﬁ P8 é""b?@f%ﬁ!‘saﬁe@%m
camm ng surfaces ofsuhityeat 82| antioéleeveBs .vieRdfivs foarg74 andipinetarp JeaisP6 @and 80.

mount etd on t he undegsi de of r#f;]e Ipé ton_a ggari%g boss 66 which hol ds shaft
67 for roller beari cEMS ) ‘?q‘l'& htacts cam 60 whil e bearing

63 cont alctg 155 cam61. It Q}}Hei'ﬁé?urapmfehé ahgine shawn ini Figure § Jandnihb opersting

i dentica earin 70 i rLNQs. C 0

appreci ated f romgbg’ﬁﬁﬁﬂ'a (H\C'?gé @é:n?hé@aﬁgb%aﬁﬁe Sﬁﬁ%gﬁ%@ ﬁ'a[: @85655!1 iaHS 2t o]
al | ow passage of t [Spebificallyndpvinwasd thriddt of acpistars impasisra $cssonlilkenaction lontthe icams

portion of the WEb-m%ni&um?m%‘gk@ﬂu}esof%&iﬁ&eme&l i as connecting

rods 64 and 65. 20 ter rotatron o am ‘With respect to
cam 60 is effected by a diffBmwihbe apprgeiated thatiwhile theranginecdepistedinfigure Safses

the engine bl ogk. %léi@%eiaPsgi 7%1e"hﬁiﬂBFe‘?Méld§9arf #4inNg! Glvafied g@& %Qiﬁ%{;di&al&eﬁé
train corrponents. I'n Igure , NOuUsI ng 7 Is 1n cross-seCtiron while gear
train 71 and shaft es®leyed. noSimilary; r ploin gesrsi can I ausedr ini they 1diferaptial sgearing

sun gear 73 on Shafhﬁg?mm%hmgneégsﬁi}%esaﬁ%F“}?q“éi"g-ri ve gears 74 and 75

whi ch in turn contact anetary T d /7. Planetary gears 76 and 77
are connected via shafts 78 knthe®mgines sxemplified in Eigutes btoagu@'@r’é‘ the gxes gthe

and 81, which int erraréf;bégq.gﬁ WHRM Rt e Ghmih§S\Rads: hﬁhﬁeuﬁouﬁé‘e_ icBms are

coaxial with respect t ] e distal end of the sleeve is fixed
to cam 61. Dri¥® gedligaed:Ta fyrthes imprave nraye: shasactanislies, axes) ofrollersbearifgs can 58
shafts are support eggby bearings in housing 72. Portion of gear train 71 is
shown in Figure 6. Figure 6 is an end view of shaft 58 when viewed fromthe
bottom of the Figure 5 drawi Ag. angingj Withe effset Fam e sPntedting, Pegangs, o ff a%;?ﬂ’f‘
shaft 57. Drive geajchdraficallys moMgure 7. CRthdiguid, iWwhichl if 8 aieW sloag tite oemtrahsiwifiodft

;2 ér ng I)Ingg{ g es Iesgag-sgé)g\z‘\ge. %gm 86? %Enqgr %ka%png tcgrrny 879, %%tri p?s?onI & groenéhao%}n V\g’igdan Bg"
20  includes bearing bosses 89 and 90 which cary roller bearings 91 and 92, which
bearings are shown in contact with a lobe 93 and 94, respectively, of the trilobate
cams 86 and 87.
It can be appreciated from Figure 7 that the axes 95 and 96 of
bearings 91 and 92 are offset from each other and from the piston axis. Having
25 the bearings spaced apart from the piston axis increases torque by increasing
mechanical advantage.
Detail of another piston with offset bearings on the underside thereof
is given in Figure 8. Piston 97 is shown with: bearings 98 and 99 carried by
- housings 100 and 1101 on the underside of the piston. It can be seen here that the
30 axes 102 and 103 of bearings 98 and 99 are offset but not to the degree of offset
of the Figure 7 bearings. It will be appreciated that the greater separation of the
bearings as shown in Figure 7 results in increased tnfque.
While the foregoing description of particular embodiments applies to
two-stroke engines, it will be appreciated that the general principles apply to two
35 and fourstroke engines. It will be fusther appreciated that many changes and



WD 97/ 04225 PCT/ AU96/ 00449 9
It can be appreciated fromFigure 6 that cl ockwi se rotation, for exanple,

of shaft 58 -and sun gear 73 will inpact a counter-clockw se rotation on sun
gear 82 and sleeve 83 via drive gear 74 and planetary gears 76 and 80.
Hence, cans 60 a‘g,gg%"ﬁgn counter rotate. 5 Q hepof/Sadeibosd Of
the engi ne shown " Irn“Frgure 5, and the operating principle of the englne,

are the sane as the engine shown in Figures 1 d 2. Specifically, downward
thrust of a piston inparts a scissor-like action on the canms which can
counter r og atﬁ by m"ﬁ“‘{*“ﬁlﬁhst@? b f(;.ﬁap wm'gaénml:_ rast é)w'gfpliﬁéd wiﬂ;iut dbfarﬁng from
appr.eci at ed t hat t engin epi cted in.Figure uses pl ai n
gears in the differ hmetfrgyga@g?a{)& : °§%€‘0@th'& gear train could al so be
enployed. Simlarly, plain gears can be used in the differential gearing
arrangenment shown in the Figures 1 and 2 engine. In the engines exenplified
in Figures 1 to 3, and 5, the axes of the roller bearings which contact the
camm ng surfaces of the tril obate cans are 15 aligned. To further inprove
torque characteristics, axes of roller bearings can be offset. An engi ne
with offset cam contacting bearings is shown schematically in Figure 7. In
this figure, which is a view along the central shaft of an engi ne, cam 86,
counter rotating cam 87, and piston 88 are shown. Piston 88 20 i ncl udes
beari ng bosses 89 and 90 which carry roller bearings 91 and 92, which
bearings are shown in contact with a | obe 93 and 94, respectively, of the
trilobate cans 86 and 87. It can be appreciated fromFigure 7 that the axes
95 and 96 of bearings 91 and 92 are offset fromeach other and fromthe

pi ston axis. Having 25 t he bearings spaced apart fromthe piston axis

i ncreases torque by increasing nmechani cal advantage. Detail of another

pi ston with of fset bearings on the underside thereof is given in Figure 8.
Piston 97 is shown with bearings 98 and 99 carried by housings 100 and 101
on the underside of the piston. It can be seen here that the 30 axes 102
and 103 of bearings 98 and 99 are offset but not to the degree .of offset



of the Figure 7 bearings. It will be appreciated that the greater
separation of the bearings as shown in Figure 7 results in increased
torque. Wiile the foregoing description of particular enbodi nents applies
to two-stroke engines, it will be appreciated that the general principles
apply to two 35 ur-stroke engines. It will be further rec d
t hat many changesogﬂgiusso WO 97/ 04225 QBPIAGW
PCT/ AUS6/ 00449 10 nodifications can be nmade to the engines as exenplified

wi t hout departing fromthe broad anbit and sco Je of ‘the invention. WO
97/ 04225 CLAIMS PCT/ AU96/ 00449 11
CLALLMS 1. An internal- conbustion engl ne conprising at | east one

cyl i nder nodul e, saf-d cylindeéin iiemelecembystion j engine, cemprisingh aty ileast onei eylinder

nul til obate cam axi mbéue, daleeylihdermiddileSdbmprsingd 5 an adj acent second
mul ti | bbate cam differenti al l%%ﬁ;ﬂ% red to_said first nultil obate cam for
axi al counter rotation about ing;a ficst multilobate cam gxially fied o spidaheadt and

the cylinders of eaahadiacent seebnd muRiloBate e eiflrahtia §6d?dd‘{61'saldrﬁi'§h0ﬁﬁftllobﬁte
S oiston | n cach” s P B e Bitag ERor Al A 3 “S;?Peéf“eﬁ& nders are
rigidly interconnected; wher aitieastdhel painldficyindetss tits bylin@sts fof @AW Which é’alr*’an%
Feci pr ocati ng mot Fiﬁgw%séﬂd%é%e@n”ﬁre&%é’aﬂcﬂt By JERE W sald o tiobate cpms
notion to said shafintempased dherelstwés, aeen sai d pi stons and the cammi ng
surfaces of sayg multil obateacgi% Iff each said cylindg1 iwhith Piteis £ piif Ic?lgn@ersl

conpri si ng from 2 to 6 cylind
are rigidly interconnected;

wherein, said multilobate cams each comprise 3 + n lobes where n
is zero or an even-numbered integer;
and- wherein, reciprocating. motion of said pistons in.said cylinders
- 15 imparts rotary motion to said shaft via contact between said pistons and the
camming surfaces of said multilobate cams.

2. Engine according to claim 1 comprising from 2 to 6 cylinder

modules.

3. Engine according to claim 1 comprising two pairs of cylinders per
20 cylinder module.

4, Engine according to claim 3, wherein said pairs of cylinders are at

90" to each other.

5. Engine according to claim 1, wherein said cams are each trilobate.

6. Engine according to claim 1, wherein each lobe of a said cam is

25  asymmetric.
7. Engine according to claim 1, wherein said rigid interconnection of
- pistons comprises four rods extending between a pair of pistons with said rods
equally spaced about the periphery of a piston.

8. - Engine according to claim 7, wherein guide sleeves are provided for
i 30  sald rods. '

9. Engine according to claim 1, wherein said differential géaring is

mounted intemally of sald engine and in conjunction with said counter rotating

cams.

10. Engine according to claim 1, wherein said differential gearing is

35 mounted externally of said engine.

L) O L



3. Engi ne according to claim1l conprising two pairs of cylinders
per 20 cyl i nder nodule. 4. Engi ne according to claim3, wherein
said pairs of cylinders are at 90 to each other. 5. Engi ne
according to claim1, wherein said cans are each trilobate. 6.

Engi ne accordin im1l, wherein each |obe of a said cami

asymetric. 7. qugw&%ﬁy Engi ne according to claim1l, wherein §§F%3P¥@ﬁ%9

i nt erconnection of pistons conprises four rods_extendi ng between a pair of
pi stons with said rods equally spaced about t A8 peri phery of a piston. 8.
Engi ne according toyglaim?7, mﬁaawbﬂug@edaheﬁwﬁﬁh&réww‘aﬂ%ahef 30

said rods. 9. Engi ng accordi iggto claim 1, wherein sal

I 1’ h . .
differential gearinfis nounEoging&cerding to cigim I, whersin,contact hatwegn said pistons

conj unction with saind thevarhming’stifaées e saidultidihte cams is via FoNlEH Be@riags or di ng

to claiml1, wherein,said differential geari is 3 .ounted externally of
said engi ne. VO B7/ 04225 Engine accordiﬂg cpa%n 152. w?\ereln sald roller bearings havg a

PCT/ AU96/ 00449 82 Icbmmon axis. Engi ne according to claim1 which is a

t wo- stroke engi ne. J12. Enagi ne .acgording.to, claiml, wherejn contact
bet ween sai d pi ston%" and theEEﬂ'H%%ﬁ&”g'ﬂgﬁ‘éﬁggngg' E’B?'&'“n‘iﬂe?iqfﬁﬂgt@h‘ifa'??@"'f‘%s
via roller beari ngsare biset with respectiogiack other andisaig pistonaxisi m 12, wherein sai d
roll er bearings have a 5 comon axis. 14. Engi ne according to

claim12, wherein axes of said roller bearings are offset with respect to
each other and said piston axis.
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