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invention is directed to an inprovenent in internal conbustion engines.

In particular this invention is for internal conbustion engines containing
two 5 pistons per cylinder, a primary land a secondary piston, wherein the
secondary : pi ston cycles through at a frequency half of that of the
primary piston. BACKGROUND ART For a nunber of years now

i nternal conbug DUALEPISTON INTERNAEICOMBUSTION ENGINEMi ch provi de- pover.
fromfuels such as petrol, diesel and gas, and 10 . convert it into a form

usual ly rotational or i near notion, which can then be used to power
an enor nous r afGEEHNIGAL EEEDappl i cati ons such as shi ps, aut onobi | es,
notorcycles, electrical generators and even chainsaws. In its basic

forman internal conbustion engine converts chem cal energy into
k| netic ener gy This/inyentionis direcied to.an improvement in internal combustion engines.

In particular this invention is for internal combustion engines containing two
5 pistons per cylinder, a primary and a secondary piston, wherein the secondary
piston cycles through at a frequency half of that of the primary piston. - '

BACKGROUND ART

For a number of years now internal combustion engines have been
developed which provide power from fuels such as petrol, diesel and gas, and

10 convert it into a form, usually rotational or linear motion, which can then be
used to power an enormous range of diverse applications such as ships,
automobiles, motorcycles, electrical generators and even chainsaws. In its
basic form an internal combustion engine converts chemical energy into
kinetic energy, by burning of fuels.

15 A lot of research and development has been expended on internal _
combustion engines resulting in a large diversity of designs. Some of these
include the four-stroke, two-stroke, rotary, and sleeve-valve type engines. The
aim of afl this research and development has been to improve the efficiency of
en'gine_'s and increase the power to weight ratio, to make the engines more

20 reliable and robust, and to increase their power band range.

The easiest way to increase the power of an engine is to simply increase its
capacity or displacement. However, for an engine of a given size there are
-various other factors which can increase the power. For an engineofa
particular size the power available is a function of the pressure within the
25 cylind'_er during the power stroke, the rate of the power strokes (commonly
known as revolutions per minute), the friction in the engine and the volumetric
eﬁic_iencyQ Therefore, either by increasing the pressure, increasing the
revolutions per minute, increasing the length of the power stroke, decreasing
~ the friction, or increasing the volumetric efficiency, the power of an engine can
30 be improved. There are limitations on changing some of the above
- parameters. For example, increasing pressure is limited due to thermal
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10 DISCLOSURE OF THE INVENTION - : ” _ ' | {
Therefore in one form of the invention although 't_hi,s'need not _b'_e.the_‘_only or
indeed the broadest form there is proposed an intémal combustion engine
comprising of; ' o
two cylinders meeting to form a combdst_i@n space thefebe_tween;
15 _ a first piston adapted to reciprocate'withih the fi'rst.cylinder;
. a second piston adapted to reciprocate W§thin the Second cylinder;
the said two 'pistohs being drivably couplgéj so aS_ to synchronously
move one with respect to the other such that the second piston

moves at a frequency half of that of the first piston;

20 - means for providing for an air/fuel mixture inlet through a fi'rst
aperture or apertures in the wall of the second cylinder;

- means for providing an exhaust outlet_ th_fb_qgha éécond éperture or
apertures in the wall of the second cylinder; and

: _ the apertures being positioned so as to be opened or closed by
25  covering and uncovering of the apertures by the movement of the second

piston.

in preference the two cylinders are co-axially aligned with respect to each



consi derations and by the. ab|I|t of the engi ne to recharge the cylinder
wth a fresh alﬂh ween power strokes. Increasing the
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This type of exhaust valve arrangement eliminates a poppet valve. This
increases volumetric efficiency since there is no valve in the way of the
exhaust gas flow. This also reduces valve stresses and eliminates valve hot
spotting which occurs in a poppet vaive as heat can only be dissipated along

10 the narrow stem of the valve causing it to be thermally stressed. In addition, a

" poppet valve operates by extending into the combustion space which requires

power when the combustion space is under compression. The disc-type rotary
valve improvés mechanical efficiency since no power is expended working
against the compression.

15 In preference the disc-type rotary valve is constructed from a suitable material

such as ceramic coated plastic although other materials such as Aluminium or
" Titanium may be used. The material to be used may be dictated by the

stresses that the engine may be subjected to and the expected revolutions per
minute that the engine may reach as well as the fuel that is to be used since

20  that can have an effect on the operating temperature of the engine. Of course,
the total cost of production will be a determining factor in some instances
depending on what the proposed application of the engine is,'

To overcome frictional losses by the disc-type rotary valve rubbing against the
outside wall of the cylinder, the exhaust port preferentially protrudes
25 - somewhat from the body of the cylinder, the result being that the disc-type
rotary valve only rubs against that protrusion. in preference this protrusion is
ceramic, although other suitable materials such as brass may be employed.
" The material that the protrusion is to be constructed from will be chosen solely
on the basis of its properties. Thus, brass may be a préeferred material since it
30 s relatively soft and will not damage the disc-type rotary valve. But the wear
may be minimal since it is the centifugal force that acts so as to keep the rotary
valve in position and the disc only just touches the protrusion lightly.



nove one with respect to the other such that the second piston 20
noves at a frequency half of that of the first piston;

means P 9%128% ding for an air/fuel mxture inlet througPCHAUWQOﬁm
aperture or apertures in the wall of the second cylinder;

means for providing an exhaust outlet through a second aperture or
apertures in the wall of the second 4ylinder; 25 a tinmed

exhaust seagl.ing val ve, w thin,.t ust _outlet to-e openi ng
or closi nga%pcgﬁgnggﬁﬁg&pe&?ngpy@e% ere.are irpgs whan {’Wﬁt h@e}%@’&qi ng
C% cle of ttsecondiapsrtures are uncovered by the second piston, ‘t;é&revent the exhaust
t he apertur
covering aﬁﬁggwﬂPaﬁg*%ﬁr‘ﬁg 'QE% ﬁ%ﬁ?‘ﬁ‘gﬁﬂ%@% E‘ﬂa{f%é Q% ond
pi ston.  way valverstichrasa ¢eed val auatromwdmgvajm ve is a disc-type rotary
val ve.
5 The exhaust and inlet abertures are _preferentially circular in shape alfhough
other shapes, such as elliptical can be employed, the shape only limited by
the mechanical tolerances, such as the rings in the second piston.

in preference there is at least one spark plug adapted to ignite 'the air/fuel

mixture in the combustion space, although the engine could be modified to _
10 use diesel fuel which |gn|tes due to compression only, or could be mOdlerd to {

use more than one spark plug in the combustion space.

In preference the air/fuel mlet aperture has a construction allowmg selective
charglng of the combustion space, such as stratlfled charglng

Stratified charging is a means of admitting air to the COmbustion space, also
15 known as the chambeér, so that it is warmed and leans the centre volume of the
chamber. A small tube or a passageway can extend into the exhaust outlet
between the second aperture or apertures and the rotary"disc valve. This tube
or passageway enters the exhaust outlet in.such a d'ir_e_ction S0 as to create a
swirl of air around the walls of the exhaust outlet so that when the air enters
20 the combustion space or chamber it is swirling in a substantially opposite
direction to the air/fuel mixture from the inlet first aperture or apertures. The
majority of the air/fuel mixture stream is directed to subetantially adhere to the
combustion space walls and go below the exhaust aperture' However a small
proportion of the air then flows to the’ exhaust outlet from the small tube and
25 enters the combustion space above the main intake alr/fuel mixture flow
swirling at a lower velocity in the opposite direction to the major airffuel
stream. Therefore it substantially ends up in the centre of the chamber or
“combustion space albeit mixed with a percentage of the main air/fuel mixture
stream thus leaning it. It is well known that a warmer lean mlx_ture will extend
30 the lean flammability limit and therefore decrease the amount of hydrocarbons
left following the combustion process. The added benefit in the case of this
invention is that the fuel/air mixture stream also acts so as to keep the rotary
disc valve and the exhaust outlets cooler.
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application of GHENg,
required the air fliow through the small tube is restricted by the closure of the

butterfly vaive allowing a homogenous mixture in the combustion space. The
. addition of the butterfly valve also means that at idling the air/fuel mixture is
15 not overliean by closure of the butterfly valve.-

In preferén_ce the second said piston is cylindrical and has a diameter which is
between 50 to 70 percent of the diameter _of the said fi_rst piston.

- In preference the length of the stroke of the said second plston is between 25
to 50 percent the jength of the stroke of the said first plston

20 In preference the crown of the first said piston is flat so as to minimise thermal
losses, but is not limited to that shape as other shapes may be empioyed to
change various engine characteristics such as compression ratio.

in preference the crowri of the said second piston is conical. Such a shaping
- helps to perpetuate the swirl of the incoming air/fuel mixture in a wall adhered
25 - downward spiral. '

- In preference the said second piston is connected to a crankshaft which lies
within the piston skirt. In such an arrangement the con rod is connected away
“from the piston crown. Although this increases the length of the second piston
skirt, it moves the position of the second piston crankshaft towards the
30 combustion space thereby reducing the size of the diameter of the exhaust
disc-type rotary sealing valve and the inlet rotary disc vaive.
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valve, or valves in the case of multiple cylinders by either a chain or a tooth
belt, while on its other end it is linked to the intake rotary disc valve or valves
in the case of multiple cylinders. A major advantage of this type of '
arrangement is the low requirement for power due to the low speed, and the
ability to adapt to in-line engines such as 6 or 4 or V8 to mention a few. For
added balance the rotary disc valves can be shaped so as to offer a
counterbalance. In that case the speed of the crank shaft driving the disc
rotary valves is 4:1 drive as opposed to the 2:1 drive if the rotary valves are not
of the “butterfly" arrangement. It is to be remembered that reed valves will be
quite acceptable for stationary engines and diesels whilst high performance
engines might prefer rotary disc valves which allow superior gas flow.

It is envisaged that a standard conventional four-stroke engine could be easily
modified to the abovementioned arrangement. This is particularly attractive as
it allows existing engines which are adapted to run on liquid fuels such as
petroleum with the addition of tetra ethyl lead (added to offset the problem of
detonation and excessive pressure build up) to be run on unleaded petrol.
Although engines can be modified to:run on unleaded fuel, this necessitates
changing the poppet valves to hardened types in conjunction with hardened
seals. By eliminating the poppet valve unieaded petrol can be used even with
an increase in compression pressure.

" -In a fundamental form, this engine employs thé same basic design for the

30

35

crankcase and the first piston arrangement as in a conventional four-stroke
engine. However, instead of the usual poppet valve arrangement as is found
on conventional four-stroke engines with one piston per cylinder, the cylindér
head is adapted to use a second piston in an arrangement where the second
piston moves in unison with the main 'piston at half the frequency of the main
piston. This second piston performs several functions. It increases the
compression ratio and acts as a valve arr_arigernent by uncovering the input
and output ports which are apertures in the cylinder. The increase in

{

v



The exhaust and inlet apertures are preferentially circular in shape

al t hough .. other shapes, such as elliptical can be enpl oyed, the shape
only IimtWa9%/42096  the nmechanical tolerances, such as t h@CTIAUg§/0061t he
second pi ston. In preference there is at | east one spark plug
adapted to ignite the air/fuel .15 mxture in the conbustion space,

al t hough the engine could be nodified td use- di esel fuel which

ignites due to conpression only, or could be nodified to . ,use nore
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in such a diregidglsgé® as to create a 25 swirl of air around the walls of

the exhaust outlet so that when the air enters t he conbusti on space
or chanber it is swirling in a substantially opposite direction to

the air/fuel nPHigypef dfcending desigh can bélteARed tal SpposaridBiston Six-stroke

majority of the air/fuel mxture streamis directed to substantially adhere
to the c&MH’-i on space walIs .and go bel.ow the exhaust aperture.
However a small 30 proportion of the air then flows to the exhaust outl et

fromthe spgll ti on space above the nain

i ntake air ueléﬁtﬁg%lmONﬁﬁyﬁpﬁmga | ower velocity in the

opposite direction.to the major air/fuel ~ stream Therefore it

substantially erfigndtile the inforidi! tobé fullylinddt8tidR a Preferred embodiment of the
invention will now be described with reference to the following drawings
where;

FIG1isa crosé-secti_on of the engine shoWing the first (primary)
15  piston and the secondary (upper) piston when the primary piston is at Top
Dead Cehtre_(T DC) and the set_:ondary piston is some 20 degrees after TDC;

FIG 2 is the cross-section of the engine as in FIG 1 but with the first
piston or crankshatft at approximately 90 degrees rotation;

, 'FIG 3 is the cross-saction of the engine as in FIG 1 but with t_he first
20 crankshaft at 180 degrees rotation; - |

FIG 4 is the cross-section of the engine as in FIG 1 but with the first
crankshaft at 270 degrees rotation;

FIG 5 is the cross-section of the engine as in FIG 1 but with the first
- crankshaft at approximately 360 degrees rotation; .

25  FIG6is the cross-section of the engine as in FIG 1 but with the first
crankshaft at 490 degrees rotation; |

FIG 7 is the cross-section of the engine as in FIG 1 but with the first
crankshaft at approximately 540 degrees rotation;
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FIG 9 is the cross-section of the engine as in FlG 1 but with the first
crankshaft at 720 degrees rotation;

FIG 10is a cross-sectional view of the cylinder head showing the
intake and exhaust ports as well as the exhaust rotary disc valve;

FIG 11 Is a cross sectional view of the cylinder head as in FIG 10 but

with in combination with a small tube/passageway contalnlng a butterfly valve

and small reed valve; S , o |
FIG 12is an isometric view. of one of the preferred embodiments of

the engine with a reed iniet valve and a rotary dlsc exhaust valve _

'FIG 13 is an isometric view of the engine as in FIG 12 but with
counterbalanced rotary disc valves used for both the intake and outlet valves;

FIG 14isa cross-sectronal view of one preferred embodrment of the
engine showing a typical oil supply architecture for the upper secondary
piston;

FIG 15 'is a crOSs-sectional'yiew of the invention when employed on
a diesel type engine; and

FIG 16is a graph showing the relative posrtlons of the primary and
secondary Cylinders as a function of a complete cycle

' BEST MODE OF CARRYING ouT THE INVENTION

Tumrng now to the frgures in detail there is shown in FiG’ s 1-9 a cross-
sectional view of the engine at various stages through one cycle of operation
of one preferred embodiment of the invention. The embodiment of the
invention resides in an engine 1 being a two cylrnder opposmg engine with an
engine block 2, with suitable cooling and lubrication passages (not shown), a
first piston 3 within first ccylinder 4 connected by a first connecting rod 5 to first
crankshaft 6, second plston 7 located in second cylrnder 8 connected by a



di sc- val ve cl oses the exhaust outlet the negative pressure of the intake
stroke of the engine will draw air through the reed valve and the
t.ube. 5 woRBendeer upstream of that reed valve is a butterti’by/mbme\sg\;\m ch
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i s mc)on, cal . Suarpglgagﬁglgp% op e ters?cran(i(shanee in this wz way wpﬁe the F rst pit pis ton 3'0I ston
. ' completes four strokes the second plston 7 only completes two strokes. The

engine inlet aperture 13 and exhaust aperture 14 are covered and uncovered

15 mythe mctron of the secondary prston

Turning to'the individual stages of the cycle there is shown in FIG 1 the first
piston 3 at TDC and the second plston 7 at approximately 20 degrees before
its BDC. However, the relative position of the second piston is not set at 20
degrees relative to the main piston at TDC, for its position can be varied

20 - depending on the particular ‘tuning’ of the engine. It has empirically been
found that an engine with the secondary piston at 20 degrees off-set 16 the

* main crankshaft at TDC does provide good performance, but different

applications may require that position to be different.

At 0 degrees (all the following rotations will be generally referring to the
25 position of the first crankshaft unless specrflcally referred to otherwise) as
shown in FIG 1 the combustlon space 12 is fully charged by an air/fuel mixture
(not shown) and i is lgmted by spark plugs 11. The burning of the air/fuel
‘mixture increases the pressure in the combustion space 12 which forces the
primary piston 3 downwards through cylinder 4 towards its BDC and the
30 secondary plston 7 upwards through cyllnder 8 to its TDC. This downward
~ motion causes the first and second crankshafts 6 and 10 to rotate, the second
" “crankshaft 10 rotating at half the angular velocity of crankshaft 6, the two
. crankshafts mechanically coupled by a geared chain. At the beginning of the
~ cycle the primary piston 3 is at TDC while the secondary piston 7 is 20
35 degrees before its BDC, though this may not necessarily be the optimum
configuration and the relative positions of the pistons may be varied. However,
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inlet aperture 14 and the exhaust aperture 15. The force of the combustion
thus still acts on both the primary and secondary pistons and produces the
power of the englne

, FIG 3 shows the engrne when the frrst crankshaft has now rotated through 180

degrees and the prrmary plston is at Bottom Dead Centre (BDC) This is
therefore the end of the power ' stroke and the beglnnlng of the exhaust stroke.
The secondary crankshaft has only rotated through 90 degrees and the

secondar_y piston is still in its upward s_troke_anq has not yet reached its TDC. "~

The exhaust aperture 15 is so positioned in the second cylinder 8 that the
secondary piston has now started to uncover the exhaust aperture 15. The
rotary seahng valve 17 now also has opened and exhaust gases 25 can now

begrn to flow out of the combustron space 12 through exhaust aperture 15and

exhaust port 16. Slnce the Iowermost part of the exhaust aperture 15 is
constructed so as to be strghtly lower than the Iowermost part of the inlet--
aperture 14, the inlet aperture 14 has not at thrs stage been uncovered by .
secondary plston 7. -

FIG 4 shows the engme 1 with the first crankshaft 6 at 270 degrees The

25

second crankshaft 10 has undergone 135 degrees of rotation and both the

.inlet aperture 14 and the exhaust aperture 15 are now partly uncovered by the
. secondary piston 7. The primary prston is approxrmately half-way through its

30

exhaust stroke and acts so as to push out the bumnt fuel/exhaust gases 25 from
the combustion space through the exhaust aperture and out through the
exhaust port 16. The inlet valve, bemg a one-way vatve such as a reed valve,
does not allow any of the exhaust gases 25 to ﬂow out through the inlet
aperture.

FIG 5 shows the engine when the first crankshiaft has rotated through 360

degrees and the primary piston is once again at TDC but this time at the end



belt, while on its other end it is linked to the intake rotary disc valve

or val ves in the case of nultiple cylinders. A major advantage of
this type BO%H20%rrangenent- is the | ow requirement for powdRCTHABIYG6RIhe

' ow speed, and the ability to adapt to in-line engines such as 6 ar 4
or V8 to nmention a few. For .. - added bhal ance the rotary disc valves can
be shaped so as to offer a '+ -counteFBaI ance. In that case the speed of
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particularly attract]ve as, 20 Lt}‘l ﬁ“OWS exl sting.en |nﬁ ‘wni ch are adapt ed
Do run an |1 qui aPpGsimatehilevelwith the uppermostpertdf ihe eahaush apertireto@yoid:
ethyl |ead (addematingainysctiarhber 1o tréy exhalist gases. Thiedaush saakihgvaivesive
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poppet val ves tgases 28wolld have bynnowrheercexpelled fromhthedombustion clarhber B2.
elimnating the poppet valve unl eaded petrol can be used even with- . an
increase in coggressi on pressure. In a fundanmental form this engine
enpl oys t hd Gsankl® &sshowrthegengioe whan the first pisten isskalf-way threugh itsintaket on

arrangement as gioie MRAAB Hirstcankshift ﬁa\ﬁﬁg Totated thy gh 00 dsi1BLE! As R iRt d
of the usual poppet val ve arrangenent as | ound on convent1 onal
four - stroke engPi§an %mw%eowng@%,aeﬁrecm flaehion efiectRrodueed by the  head
i s adapted to uggpansion ofhthe coinbustion ehamber zeRiMbRt cohbustiorSpasy 92ds
charged by a fresh air/fuel _miXt_Ure 26 drawn through inlet reed valve 13.
15 During the beginning of the intake stroke the inlet aperture 14 is fully open
- unlike the case of the conventional poppet vaive engine thereby resulting in
from re-entering the combustion space 12 by the now closed rotary exhaust
sealing valve 17. This is important for the movement of the primary piston
20 causes the pressure in the combustion chamber to fall below atmospheric
pressure and this sucking motion charges the combustion chamber with fresh
fuel/air mixture through the inlet valve. If the rotary disc valve were not present
then some of the expelled exhaust gases would also be sucked back into the
combustion chamber through the exhaust aperture. This obviously would lead
25 fto less efficiency since the air/fuel mixture would be mixed with burnt exhaust
gases. It is therefore critical that the exhaust port is closed by any suitable '
means whilst the engine is in the intake stroke so as to avoid the re-entering of
the bumt exhaust gases into the combustion chamber. |

FIG 7 shows the end of the intake stroke when the first piston 3 is at BDC, the
- 30 first crankshaft 6 now havihg rotated through 540 degrees, while the second
crankshaft 10 has rotated through 270 degrees and the second piston 7 is in
its down stroke towards its BDC. The secondary piston has now partially
covered both the inlet and exhaust apertures. The primary piston 3 is now at
the beginning of the compression stroke and the rotary disc valve is still
35 covering the exhaust port. o : '
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-space 12 decreases in volume causing the alr/fuel mlxture to be compressed
so that at the end of the compression stroke, as shown_ln__F_lG 9, the
combustion space 12 is substantially minimised. FIG 9is essentially FIG 1
10  with the primary piston 3 being at TDC and the secondary piston 20 degrees
before BDC. At thls point the spark plugs 11 ignite the air/fuel mixture and the
cycle begms once again. - R . : {

FIG 10 is a cross-sectional view of the Qngine-_mréugh-me second cylinder 8,
showing the inlet aperture 14, the exhaust aperture 15, the reed vaive 13, and

15 the exhaust rotary vaive 17. The inlet aperture 14 may preferentially inciude a
dividing part 18 which acts.to impart a higher velocity swirl to the air/fuel
mixture 26 around the-outer areas of the combustion space 12 and a lower
velocity to the inside afea_s or the combustion chamber thereby aiding in the

_ combustion pr;ic_ess. However it is to be understood that the engine is not

20 limited to a particular air/fuel charging means, and various features may be
chénged to improve the combustion process, such as fuel injection, or using a
rotary disc inlet valve.

FIG 11 shows the cross sectional view of the engine as in FIG 10 showing the
second cylinder_s, the inlet aperture 14, the exhaust aperture 15, the reed
25 valve 13, the exhaust rotary vaive 17, and the combustion. chamber 12.
However, FIG 11 also includes an additionafl_f_ea_tu;e that may be employed to
enhance the operation of this engine. That is, there is a stratified charge tube
40 containing a small reed valve 41, butterfly valve 42 the stratified charge
~ tube allowing air/fuel mixture 43 to enter the combustion space in a swirling
30 motion 44, and in.an _opposite direction to the main air/fuel mixture 26. It is to
be understood however that this is only an additional feature that may be
employed to-improve_ the hpmogeneity of the air/fuel mixture and does not
need to be used to perform the invention.

FIG 12 is an isometric view of the engine 'sh'owi_ng.._the first crankshaft.G, the
35 second crankshaft 10, the chain drive 20 connecting the said first crankshaft 6



To enable the invention to be fully understood a preferred enbodi nent of

t he i nvention will now be described with reference to the foll ow ng
drawi ngs wo 96/12096' €; FIG 1 is a cross-secipcaaudkioidde

engi ne showing the first (primary) 15 piston and the secondary (upper)

pi ston when the primary pisteon is at Top Dead Oentre (TDC) and the
secondary piston is some 20 degrees aftet3TDC, . . FIG2is
the cross-section of the engine as in FIG1 but with the first pi st on
or crankshaft attodbprasid secend cmmksbaitdds the onsiway-inlet valve being a reed valge3

is the cross-seciq gge% %xﬁaﬂﬁrh‘%a%ﬁg AT ﬁlﬂﬂ%xrﬂ@ 8bhe16 hﬁﬁ‘th@@xhaust

crankshaft at 18 rees’ rotat|on
cross-section of Qaﬂ!"gsh@ﬁdﬁécaﬂ (WW)lzbut with the first crankshaf t
at 270 degrees rotation; FIG5 is the cross-section of the
degr ees rot at | onhe Saary" LA bk ot oSBT b o BRI 200
in FIG 1 but 5ni téhovrs) whichtacts so ascoushhiiet rotary A@dvel ogtocagainst thbi exhaust
T 15,7 L5 TEHER P RPN, Bt bl i b ol
a slight protrusion. The exhaust protrusion is therefore the portion of the
exhaust port that may be in contact with the rotary sealing disc valve which
may be simply a fiat plate so shaped to allow the exhaust port to be opened or
10 closed depending on the rotation of the first and second crankshafts. It is to be
understood that the rotary sealing valve 17 acts to prevent the back flow of the
- exhaust gases into the combustion chamber through the intake part of the
engine cycle. The rotary disc valve may be driven directly by the second
crankshaft 10 so that its opening and closing of the exhaust port can be finely
15  tuned. The shape of the rotary disc valve 17 may also be varied according to
the particular requirement. Thus, although in FIG 12 the rotary disc valve 17 is
shown as a flat plate with at least two straight edges 30, those straight edge
passing across the exhaust port 16 so as to open and close it, the shape of the
edges may be varied and may include but not be limited to curved edges
20 which act to quicker cover and uncover the exhaust port.

The positioning and size of the inlet aperture 14 and the exhaust aperture 15
can all be varied to suit particular réquirements. In FIG's 1-9 the inlet aperture
‘14 is shown as being substantially opposite the exhaust aperture 15.
However, this is only for schematic purposes and one of the more appropriate
25 position is shown in FIG 10 and 11, where the relative posutlon of the
apertures is such that there centre axis are substantially at 90 degrees to each
- other. The apertures may also be placed at different vertical positions in the
- cylinder wall with respect to the combustion space thus making the valve
' timing'and compre'séion ratio variable. it is to be also understood that there
30 - may be more than one inlet or exhaust aperture, similarly to the multi-vaive
conventional poppet engines that are well known.

FIG 13 is an isometric view of the engine as in FIG 12 but with both the inlet
vaive and the exhaust vaive being rotary sealing valves. This requires there to
be an additional rotational driving mechanism (not shown) that opens and

35 closes the inlet vaive at the appropriate part of the engine cycle. )
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FI G 8 | Wa%ea20960ss- section of the engine as in FIG 1 but pgmdudsieesdti r st
crankshaft at 630 degrees rotation, - FIG9 is the
cross-section of thé engine as in FIG 1 but with the first crankshaft
at 720 degrees rotation; 5 14 FIG 10 is a cross-sectional view.
of the cylinder head show ng the i nt ake and exhaust ports as well. as
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both the i ncysle, that iswheetthedirstecrankshatt is in the 180 to 360 degrees rotation,

and it must be substantially closed through the intéke cycle, that is 360 to 540

degrees. Of course, because the intake cycle follows the exhaust cycle it is

impossible to instantly close the port at 360 degrees, and this is where the

10 shape of the rotary disc valve can play a significant part. it may be even

advantageous to have the exhaust port uncovered at the beginning of the

intake cycle or otherwise, however, these are facts that may be changed when (

the engine is being tuned for different operating requirements. Thus, as

discussed below, a racing engine will be tuned differently to a normal engirie.

15 Itis to be understood that the relative size of the sealing valves is unimportant
_ and various sizes may be employed to suit various engine designs. In
addition when the sealing valves are of the counter balanced construction as
shown here then the drive ratio of the valves may be 4:1 as compared with the
main crankshaft speed.

20 FIG1i4isa typical example of an oil system for the secondary or upper piston
~ 7. The cylinder 8 within which the piston slides usually includes a sleeve 60
which is manufactured from a hard-wearing material such as cast-iron.:
Through this sleeve there is an oil pressure feed 50 which, feeds oil to the
secondary piston and cylinder as well as to the slid_e 51 of the scotch-yoke of
25 the upper piston. The upper piston includes at least one (but preferentially
' more) scraper ring 52 which acts so as to scrape thg oil off the sleeves 60. The
oil (not shown) is extracted by the use of a ring-shaped cavity 53 outside of the
-cast sleeve 60. The scraper ring 52 is substantially level with the scraper ring
when the secondary piston is at its TDC. A series of holes are drilled through
30 the sleeve as well as the secondary piston. An extractor pump (not shown)
draws oil gathered by the scraper ring 52 as well as small quantities of air
from the inside of the piston and retum it to the sump or oil holding tank (not
shown). '

FIG 15 shows the invention when used for a diesel type engine. These types
35 of engines usually work without the aid of a spark plug and rely on the fact that



F'G 14 is a cross- sectlonal' view of one preferred embodi ment of the 15
engi ne show ng a typical oil supply architecture for the upper secondary

pi st on; WO 95/12096 FIG 15 is a cross-sectional view of RGRAVISOO6AL on
when enpl oyed on a diesel type engine; and FIG 16 is
a graph showing the relative positions of the primary and 20- secondary

cylinders as a function of a conplete CS’ BEST. MODE OF CARRYI NG
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WO 96/ 12096 chambef is made smal r by making the pistons substantially covering the

PCT/ AU95/ 00691 respective cylinders and leaving only a small combustion space
therebetween. The fuel is introduced into the chamber via injectors 70, and
there may be a further secondary combustion chamber 71 which aids in the

10 efficient operation of the engine.

FIG 16 is a graph showing the relative positions of the primary and secondary
piston when the secondary piston as tuned so as to be 20 degrees BDC whilst
the primary piston is at TDC. In addition, there is shown on the graph the
relative timings of the opening and closing of both the intake and the exhaust
15 ports. The y-axis refers to a particular volume in cubic centimetres, due to
empirical research, particularly a motorbike engine. Howevef, it is not
intended to limit this invention to any particular size or to any relative size of
the primary to the secondary piston or stroke. This graph is intended to show
only one typical example of an engine which was found to satisfactorily work.

20 Thus there are a number of advantages in an engine the subject of this
. invention as compared with conventional internal combustion engines that
operate one piston per cylinder. The loads on the first crankshaft or the main
crankshaft of an engine constructed as taught by this invention are reduced
overall as compared with those in a standard engine during the compression
25 and expansion strokes. Thus the loads at TDC compression would be
marginally smaller, at 10 degrees ATDC they would be greater, at 20 degrees
-ATDC would be about'eqdivalent, whilst thereafter they would be smaller. The
- reduction of the load should result in less friction in the main crankshaft
assémbly. Thus assuming that the frictional characteristics of this engine as
30 compared to a standard one are about the same, the reduction of the load
should lead to greater mechanical efficiéncy.

A further advantage of this invention is that the head should absorb less heat

than a standard head. The significant area being the exhaust. In conventional

engines, the poppet exhaust valve is directly in the path of gas flow and there.
35 is considerable turbulence as the exhaust gasses pass out of the cylinder. The



9 second connecti ng rod 9 to second crankshaft 10. Spark plugs 11

acting conbustion space 12 ignite the air/fuel x ure not shown)
whi ch 8%?96'[120%% conmbustion space 12 through inl et 0&” lherein a .
reed val ve, and 't hrough an inlet aperture 14 in second cyI i nder. 8. The ~

exhaust gases (not shown) are 5 eﬁﬁflled t hrough an exhaust aperture 15
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standard englne poppet valve which starts reduclng the gas flow at around

600 degrees of the stroke cycle, at which point its maximum, lift is reached.

15 This invention enables the maximum exhaust port area to occur at 710

degrees. Furthermore, the nature of the exhaust opemng also tends to reduce

any acoustical noise level. The larger opening for the exhaust port allows

more use of the kinetic energy up the column of the exhausts gasses and

creates a negative pressure in the combustion chamber.

20 In racing engines where excess fuel consumption and excess hydrocarbons
are not an issue this kinetic energy may be used in a similar manner to two-
stroke engines. To enhance this process, the closung of the disk valve should
be ideally left to later in the cycle, say approxlmately at 70 degrees ATDC on
the intake stroke. In thls instance, a portion of the intake mixture follows the

25 exhaust column and may fill the first several centimetres of the exhaust prpe

- Thus in a multi-inlet port engine there may be one mtake port posutloned
'substantially opposite an exhaust port in the upper cylmder wall so as to direct

_an intake stream across the combustion chamber at the exhaust port whilst the
other intake ports are directed away from the exhaust port down the cyllnder

30 To add more kinetic energy to the pr_ocess_the exha_ust should be open earlier
at approximately 460 degrees. But also to widen the window of opportunity
between when the intake port is closed and the exhaust port is closed, at
approxrmately 250 to 300 degrees instead of 250 to 270 degrees. The tramng
edge of the rotary disk should be timed to open the exhaust port again At

35 approximately 240 degrees, this allowing the reverse pressure pulse from the



applications may require that position-to be different. At O degrees
(all the following rotations will be generally referring to the 25

posi tion oWQ?FéuP%r st crankshaft unless specifically referr RFHHUWWEN se)
as- shown in FIG 1 the conbustion space 12 is fully charged by an
air/fuel mxture (not shown) and is_ignited by spark plugs 11. The
burni ng of the air/fuel m xt ure ir_ﬂ:?eases the pressure in the

conmbusti on space 12 which forces e Mol Ma¢:Ts | St 3_downwart ds

t hrough cyli ndeﬁw:? %W%&r%!‘ei, ’@‘aéég‘]’a’r?&“ f%f'%élsgggﬁgpn@é? &1 Bi'E&W)%Hgﬁ}é? ds
th{j ough cyl i ndemrmixture inttlse BRRaustpipe daokatocthe combustionocharaberebeforeethe r st
and second cran tQar ; ; q% 0
rotating at half _gggﬂgﬁﬁ%gloégpbgptéﬁ@?g %ggﬁgﬁmgomtd hneOttlg\n'?e Vi ot
crankshafts neclehoulthproduseugoadipowes agbighear rotation. speedshe begi nning of the
cycle the primary piston 3 is at TDC while the secondary piston 7 is 20 35

degrees before its B t hough this y nqQt necessarily be the optinum,
configuratioft arfMyeh mmvg@ta@&mt @r@@ﬂeﬂﬁé‘aﬁm@dé W‘CE@LPE?W in the

However, WeyiihdérBdiere the exhaust valve is opened. In the standard engine work is
PCT/ AU95/ 00691.
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However, in the engine the subject of this invention, this pressure is utilized to
10 do work via the upper piston. If the uppef piston has an area of approximately
3000 square millimetres (4.5 inches square), this results in a force of up to 400
hundred pounds, although 300-340 is more likely because of lower pressures
due to the greater expansion stroke. However, the combustion has been
shifted slightly so as to occur later in the cycle so the actual physical
15 properties are yet to be determined accurately. o

Turning now to the reed valve, its use confers an advantage in that intake
occurs whenever pressures or the kinetic energy of intake or exhaust column
dictate. But also the reed valve causes the gas velocity to be greater than
normal at low throttle settings promoting good swirl which further aids in

. 20 atomising the fuel. This therefore acts somewhat as a bseudo second venturi.

Referring now to the crankshaft motions, in prior art the upper piston reaches
its TDC well in advance of the main piston. This invention however teaches
that even if the stroke is variable the uppér piston does not reach its TDC
before the main piston. A further additional feature of this engine that may be
25 used and is used so as to minimise the space requirements (specifically the
- vertical extent caused by the second piston) is that the head faces away from
- the main piston crown, os in another embodiment may be a scotch yoke. Both
of these imparts a different motion to the upper piston than has been taught in
other prior art and results in the piston acceleration being slower than in the
30 headas described above or a scotch yoke. Thus mechanically it is easier to
achieve a TDC of the upper piston after the main piston has reached TDC.

There are three main reasons for desiring the main piston to reach TDC prior
to the secondary piston. Firstly this aliows more advantageous timing as fas as
the opening the ports and closing the intake. Secondly this maintains a longer



need not be). FIG 2 shows the engine 1 half way through conpleting *
its first stroke, the 5 power stroke, with the first crankshaft 6 having
rot at eVQII990 degrees and t he second crankshaf t PQUIAES8G062Ihat
about 45 degrees. The exhaust sealing valve 17 is closed with the
secondary piston 7 at this stage still covering the inlet aperture 14
and the exhaust aperture 15. The forld of the conbustion thus still

acts on both the pripgary, and seconda pi stons and .produces the 10 power
of the engi Rerod o relativbly GonsEaMic(of Floselio) NEILFRR AUNIRG WHIFR Combuiskion 8N has
now r ot at ed ocbu TivdhBA places peligcplirderpiessure fatemin the ekpansion phasBot t om
Dead Centre (BDC). This is therefore the end of the power stroke and
t he begi nning of the exhaust stroke. ¢ . The secondary crankshaft has
onl y r ot at edThermostadntageous:timingl wold ‘dbcouree vay for differem enginet i 1| i n
its upward ' I s Ty st
aperture 158%%5' g@g?ﬁ?’%n%'? )r({sf%faﬁ@%%d '%?Flgﬁ%apog‘ '? r}g,{ﬂfﬁ%ﬁ%@ﬂ,
secondary pdependingsom&he partiular engingand-partisulas,applicatioRer t ure 15. The
rotary sealing valve 17 now al so has opened, and exhaust gases 25 can now

begin to fl oyt of ' the, comhustion space 12, thrqugh exhaust aperture 15
and 20 Cexhd Retabsyd dasripioR e Nt iteBleH it sHe dNVANticNCLAE desorigHon: ur o
1? ![ﬁ - tomyasﬁarrms&ﬂ}angeeirnaptﬁeernah _H}aqbtthd,abtovere,rqﬂimgntém tbg\"?jmt i dp?rt
0 einle aperture 14 . nl.et apertur s-not a is stage
been uncovePQH dagcrlggg w'ﬁ?@ﬁﬁ@(ﬁ’m&#ﬁ'gﬁh?%&m of ‘ﬁ",'s#ﬂ!?'i“%om the engine 1
with the first crankshaft 6 at 270 degrees.. The 25 ‘'second crankshaft 10
has undergone 135 degrees of rotation and both the : ‘



through i tW096/12096 exh acts so as to push out PCHAUSSH091

ihlet aperture 14 anrilhls ke %Qeejrture 15 are now partly uncovered by
t he secondary pai |[Iﬁ| I'mary piston is approximately -hal f-way
fuel / exhaust gases 25 conbustlon space thr ougtu he exhaust.

aperture and out through the 30 exhaust port 16. The inlet valve, bein

one-way val ve such as a reed val ve, 19 does not al | ow any om m m "ml”"'
gases 25 to flo 0M§hroughthe i nl et aperture.

t he engi ne whenw rst crankshaft has. rotated through 360 degrees

and the primary piston, is once again at TDC but this time at the end

WD 96/ 12096
PCT/ AU95/ 00691 1. An internal combustron engme compnsrng of; 11 of the

exhaust stroke and at the begi nni ng of the intake stroke. The second
crankshaft has now rot
bei ng approxi natel y -at %&ﬁ%&ﬁﬁ‘?ée)%ghﬁ% qg%”%&@ﬁ@é%@&s%%@%&& ees
before its BDC when the primary piston was at TDC at the beginning of the
5 power stroke). The aﬁﬁﬁf iSRS

[ he uppg(??%t%ta tharr@{:rpgr?@atﬁe ex hﬂ'ié/f'l%t fifiders

approxi mately | evel aust aperturé to
avoi d creating any chanber to trap exhaust gases. The exhaust sealing

valve 17 5 a second piston adapted to reciprocate within the second cylinder;

the said two pistons being drivably coupled so as to synchronously
move one with respect to the other such that the second piston
moves at a frequency half of that of the first piston;

| means for providing for an airffuel mixture inlet through a frrst
10 aperture or apertures in the wall of the second cylmder

means for providing an exhaust outlet through a second aperture or
apertures in the wall of the second cylinder; and

the apertures being pesitioned so as to be opened or closed by
coverrng and uncoverrng of the apertures by the movement of the second
15 plston

2. An internal combustion engine as in claim 1 wherern the two cylinders are
co-axrally aligned with respect to each other.

3. An internal combustion engine as in claim 1 or 2 wherein there is further a -
- timed exhaust sealmg valve within the exhaust outlet to effect an opening or
20 - closing of the exhaust outlet at a selected time rn the operatrng cycle of the
engine.

4. An internal combustion engine as in any one of claims 1 to 4 wherein the
exhaust sealing valve is a disc-type rotary valve.

5. An internal combustion engine as in any one of the above claims wherein
.25  the exhaust port includes a protrusion which protrudes somewhatlfrom the
body of the cylinder resulting the disc-type rotary valve only contacting against



has al so just about cl osed t he exhaust port 16 since nost of the exhaust
gases Za, V\Pﬁl ‘%ghave by now been expelled fromthe conbustion chanber 12.
10 FI V@ *{3 t he engi ne when the first piston is hal f-P\ﬁa‘{AQWWQh its

i nt ake stroke with the first crankshaft having rotated through 490
degrees. As the first pirston 3 §DV€S' downwar dsthistdh6% BasiBeertRepld&etii ON
ef fect produced by the expansig of the COWUStJAE"IW“HE@F t he
conbusti on L; charged by a fresh air/f ' dr awn
t hrough i nl 21[?\%?@5(2}?‘.\1% Ve 13. 15 Duri ng the begi nning st roke

the inlet aperture 14 is fully open unlike the case of the

colnv-e nE i onal ?.]Pﬂﬁmbm&'d_f_ﬁnmioﬂﬁ?ﬁdlﬁé @Eﬁnf@éﬁhﬁ Slew_li_arpgl_the protr?@téﬂrf‘iﬁr ove](cj
volunetric effici.ency. e _expel led exhaus ases are prevente rom
o anter | ng GoTBMIGANQyEEoEEE sutable aRkfRls S5 As Besed Bialite etmloned.
sealing valve 17. This is inportant for the novenent of the primary piston
20 causes the,pr ' e C IGR . ' heric
pressure andﬂt qu éﬁgmﬁ%ﬁ%{@(’}n&ﬁ*ﬁ ?@Q&Wﬁé{,@ﬁ %ﬁé‘%ﬁ"lgﬁhﬁg“&jﬁﬁ?r esh
f uel / ai r Smi xtheriplet valvegis a opeiwayvalvel ve. If the rotary disc valve were not
present - then sonme of the expelled exhaust gases woul d al so be sucked

~ back into the conmbusti on chanber through the exhaust aperture. This

obvi ousl y wol An irtemalombustionengine asdnanyseng ef the-abeve elaims whareire

woul d be ni g inict valve Bia radtpvaive. gases. It i's therefore critical
t hat. the exhaust - port is closed by any suitable means whil st the

engine is in the intake stroke so-as to avoid the reentering of t he
burnt exhaus9. Ans$etemalticonihestiopnéngine @s infemybene of the above laiims whereinhe eng

cr ankeshar t GG A AN ofes Besrifos Bl babknba ectia in tme. s ccond
crankshaft 10 has rotated through 270 degrees and the second piston 7 is in
10  10. An internal combustion engine as in any one of the claims 1 to 9 wherein
the exhaust and inlet apertures are substantially non-circular in shape, such
as but not limited to elliptical.

11. An internal combds__tii_:ﬁ engine as in any one of tl__1e' above claims wherein
. there is at least one spark plug adapted to ignite the air/fuel mixture in the
15 combustion space. '

12. An internal combustion engihe\ as in any oné of claims 1 to 10 wherein the
engine is adapted to use diesel fuel which ignites due to compression.

13. An internal combustion engine as in any one of the above claims wherein
~ there is a secondary air/fuel inlst aperture so positioned to effect the air/fuel to
20 enter the combustion chamber in a swirling motion _a'rjd thereby act so as to
 cause a preferential charging of the combustion space, whereby the motion of
the air/fuel mixture from the secondary air/fuel aper_tt.ire is in a direction
substantially different to that entering the combustion chamber through the
main air/fuel inlet aperture. '

25  14. Anintemal com_bdstion' erigine asin .any'one_ of the above claims wherein
the second piston is cylindrical and has a diameter which is between 50 to 70

percent of the diameter of the first p_i_sto__n._ =

15. An internal combustion engine as in any one of the above claims wherein

e TiEE LM OGS o%




tts down stroke towards its BDC. The secondary piston has now partially
covered bot h the inlpsshetisBeaRsplagpertures. The primary piston 3 is.now
at  WAEsKEs nni xmnmmmmm‘rpesm on stroke and the r8FRAPIYIER 4| ve
is still 35 coverin ort. WD 96/ 12096 :
PCT/ AU95/ 00691 - 12 FI G-8 shows
the engi ne when the prinmary piston is I‘%T.f-way through its

Gogrece, " 'tha Tongih Gt ihé Brof& BRA RekontT VIR SN ANERD 2 R 50 plithnt e

the secondary length qgfithe stroke chtfwifirsbpistemay t hrough its downward stroke.

The secondary piston is 5 substantially covering the exhaust and inl et

apertures. As the first piston 3 noves upwards and the second piston 7
lusrergin

moves downwar ds!8.rAn rdema combustion engine-as in gy anesektheraboye siains

the air/fuel mmg&swmf% ﬁ@??iﬁéﬁ@substanﬁﬁw hat scréis td eisintise thérireal
conpression_stroke, ‘as shown in FIG 9, the conmbustion.space 12 is
substanti al _5y P8$9f-sed. FIG 9 i's essentiall y FIG1 10 with the primry
pi ston 3 being at TDC and the secondary piston 20 degrees ~ before BDC.

?;,Cf Qi Eeg ?'n;‘ t O;{z é‘g g{tlﬁ(m%ll d8blibtbf Ungind B8 if'ahly'ohe of Wi 181 Whrein the

" crown of the piston is shaped to affect the compression ratio.

18. An internal combustion engine as in any one of the above claims wherein
the crown of the second piston is substantially conical. -

10  19. An internal combustion engine as in any one of the ‘above claims wherein
the first piston is connected to a first crankshatt, the second piston is
connected to a second crankshatft, the first and the second crankshatt drivably
coupled to each other whereby the second crankshaft rotates at an angular
velocity half that of the first crankshaft.

15  20. An internal combustion engine as in any one of the above claims wherein
the second piston is connected to a cranl_<shaft which lies within the second
piston skirt. '

21. An internal combustion engine as in any one of the above clairhs wherein
the cooling of the engine is accomplished by convention means such as
20 water-cooling or air-cooling. '

22. An intemal combustion engine as in any one of the above claims wherein
the disc type rotary valves can be used with both the intake and the exhaust
.outlets. '

23. An internal combustion engine as in claim 19 wherein the exhaust rotary
25 disc valve is substantially open through most of the rotation of the first
crankshatft of between 180 to 360 degrees, the exhaust stroke.

24. An internal combustion engine as in claim 19 wherein the exhaust rotary
disc valve is substantiaily closed through most of the rotation of the first
crankshaft of between 360 to 540 degrees, the intake stroke. '
ke. =
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FIG 10 is a cross-sectional view of the engi ne through the second cylinder =

\8/:31I Ve ﬁ‘gQg#ngSt he inlet aperture 14, the exhaust apertyéﬁéﬁ?%qogpe reed

t he exhaust rotary valve 17. The inlet L4 may
preferentially include a . di-viding part 18 which acts to inpart - a
hi gher velocity swirl to the air/fu? m xture 26 around the outer
areas of the conbustion space 12 and a | ower vel ocity to the inside

areas or thss CRAtYRIMA TomMIEERN éu’@ﬁé@s uﬁldhnﬁﬂw r\}vﬁd?ém the maszmwﬁt I on

~process. However .it is to be underistgo gi,ne I.s limted
to a parti ceXRausiPorkafea QQ%’F%?HBStﬁBHﬂ'g’ a{a}Z{p 9395’9!?§s°ff"9ﬁt!9"e%f thﬁs"'%te
changed to ¢rapkshaftt he conbusti on process, such as fuel injection, or using
a rotary disc inlet valve. FIG 11 shows the cross sectional view
of the engine as in FIG10 show ng the - second cylinder 8, the inlet
aperture 1426.An internaltomipustionr engifie astin olmEMQMheraIn/meltmanymahngaust

el une S i is FN IORRFO Sph R RANE of B ot cragiOtaer 10 2 B0

operation of this engl ne. That is, there is a stratified charge tube

40 cont ai m@ﬂ an rc%‘ﬁ‘ibﬁ%%id{\eeri’q«ne@éﬁh%éthW%tYéPeﬁ?tH*ge%ﬁg{rﬁéjﬁdd%?

char ge - al.l ow %ﬂal r/ m xture 43 to enter st1on

space in a %%‘ﬁqsitﬁg inlet & Pfﬁﬂ‘hqecm |9t 290 eegrees retationQfithedirsty ¢ he i n

cair/fuel megankshaf. It is to be under st ood however that this is only
an additional feature that may be enpl oyed to inprove the honogeneity
of the air/fuel mxture and does not . - need to be used to performthe

i nvention. 28. An intBal konisustion engine eisdin\dlaim $9 whereimtiienseconu\cylimdene
first roankﬁ]ﬁe% tﬁg nftnfé? aﬁén&ty?éeﬁd)ﬁg @%@Wﬁfﬁe it cldhkshldft Brationt§ 20

connecti ng
_ between 250 to 700 degrees

29. An internallcombustibn eng_ine substahtially as described herewith in the
speciﬁc_ation and referred to in the accompanying drawings.

heet Has Been Replaced

T I |II

)RR



MO 96/ 12096

PCT/ AU95100691 13 to the
sai d secoggognsdkshaft 10, the one way-inlet valve being aPCEAPRANIL

13, the rotary exhaust sealing valve 17, the exhaust port 16 and the
exhaust - beari ng hol der cap (manifold) 21. The rotary
sealing valve is held in position by a conpression spring (not 5 shown)
whi ch . acts so as to push the rotary val ve onto agai nst the exhaust

port. To aid in this and to reduce frictional |osses the exhaust port may

I ncl ude a slight protrusion. 1?9 exhaust protrusion is therefore
the portion of the exhaust po that nay be in contact with the
rotary sealing disc valve which may be sinply a flat plate so
shaped to allow the eghaus'e 3)or¢ t Y e copained or 10 cl osed dependi ng on
the rotation of t fyrs dicrankshafts. It igsto be

under st ood that the B\ta y \s¢al i ng \val vé 17N\acts t t he back flow
of the exhaust 5 EX busty anber thro i nt ake
part of the N v c valve may be driven NS
“directly by the ;EQ, SO |t hat™ ning a wo
cl osi ng of the &dedst-4r 15 it fine ape off t hefg v~
rotary disc val e 17 nay g vari ed dro n 0 he pafticlDey
requirenent. Thys, althou |G 12 thdl fotaryl §i s 7is Q
shown as a fl at (et st two gffai ght! . ose st aigﬂEnn
edge pagehig = 0 to open and cjose It,
t he shape of the S “

~ B2 2 w @

FIGURE 2
90°

FIGURE 1
TDC 0°




edges may be varied and may include but not be [imted to curved edges 20
whi ch act to qui cker cover and uncover the exhaust port. The

posi ti oni rYOA6MI2096 ze of the inlet aperture 14 and t he exhauBET/AYEN§PL 15
can all be varied to suit particular requirenents. In FIGs 1-9 the inlet
aperture 14 is shown as being substantially opposite the exhaust
aperture 15. However, this is onl¥ for schematic purposes and one
of the nore appropriate 25 position 247shown in FI G 10 and 11, where the
relative position of the apertures is such that there centre axis
are substantially at 90 degrees to each ot her. The apertures may

al so be placed at diffgregd overticalapgsitipns in the cyl i nder wal |
with respect to thesconbudtToh space t hus ing the val ve timng
and conpression rat?ﬁ‘v ri . It i t\o be a so under od that there 30
may be nore than one r'nlet \o xh&ust aRertur Sj r

mul ti-val ve o) at ar | known. °
FIG13 is an i song : | G 12 \th botHl t RS
i nl et val M=ot t valv i ng | eal \ng val v ."ﬂ&@s
requires there to I tion r tjo AL mecharj§ s

(not shown) that pens and I t It el Val g he appripprriRdde
part of the engi ne—gyete 9RN 120 ' -
PCT/ AU95/ 00691 = W~

: H
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" FIGURE 5
TDC 360°
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FIGURE 4
TDC 270°




14 FIG 13 further shows the rotary val ves bei ng counter-bal anced to
mnimse vi brational effects within the engine. The actual shape of
t he rotar WQe6/12036 i s not relevant, what is critical iBCEUAHISAQ0RYY
cover and uncover-the inlet and exhaust ports at the right tinme in
the cycle. Thus in the case of the exhaust 5 aperture the exhaust port
must be substantially opened through the exhaust cycle, -that is when
the first crankshaft is in the 180 tg,/360 degrees rotation, and it
must be substantially closed through the i ntake cycle, that is 360 to 540
degrees. O course, because the intake cycle follows the exhaust cycle it

IS I npossible to instantly close the port at 360 degrees, and this is
where the 10 shape—ofuthéﬂﬂbﬁary:discvwaﬂve can play a significant part.

It may be even \\‘ ous| to hgveN\ h uncovered at the
begi nni ng of the ak§ cyche or |ot he —Lhese are facts
that may be chang ¥ a¥=Ta \ Re\ endilne | g :
operating requirelEhds ' jf"%,/' ~f,,ﬂ

will be tuned diffROe) NN AT Nglne.

that the relativefsize o deafli nd jval veg

various sizes nayj be enp ecli Hui va U

addi ti on when the| sealing v re 1f t he

"as shown he | I 0 of

conpared with the § @ V1o o e

exanpl e of an oil condary or upo‘ he

cylinder 8 within which the pigtbn slldes usuakly i 6
whi ch is manufactured froma‘h’a‘-rﬁﬁ vwearing nat e¥i al % uch U cast-iron.

FIGURE 8
630°

%
%

AR SN A 4

FIGURE 7
BDC 540°
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Tﬁrough this sleeve there is an oil pressure feed 50 which, feeds oil to

t he secondary piston and cylinder as well as to the slide 51 of the
s¢ot ch- yokWOW6/1296 t he upper piston. The upper piston incluges/aanshesast one
(but preferentially nore) scraper ring 52 which acts so as to scrape
the oil off the sleeves 60. The oil (not shown) is extracted by the
use of a ring-shaped cavity 53 outside t he cast sl eeve 60. The
scraper ring 52 is substantially level*Mth the scraper ring when t he

secondary piston is at its TDC. A series of holes are drilled through 30
the sleeve as well as the secondary piston. An extractor punp (not shown)

draws oil gathered by t SO aper\y 5Z as well "as snall ities of
air . fromthe insi et ur n{Y np or7oil

hol di ng .t ank ( not : :ih& ¥ showg\{ ' ntNJo en used
for a diesel type engine. NP fa ' rk without

the aid of a spark plug O\ tRE R a 14096
PCT/ AU95/ 00691 1 -ai-es@l fuel

will ignite when subjec efl al pressure. di ese
engi nes conpress the aif § el if§4 i njected™ nt I pr€§§3rised
air. Since it is hefFsfor= thg’faLaL-wslune i | C e air/fuel

m Xxture is

N\

o

FIGURE 11



conpressed that is inportant the conbustion space 12 may be designed to be
5 smaller SU|tabIe construction,. In this particular

gonbust i oﬁ'VOX’ $hanber is made smaller by making the pi s?gﬁ'gmw%“gl -
substantially covering the respective cylinders and leaving only a
smal | conbusti on space t her ebetween. The fuel is introduced into the
chanber via injectors 70, and there may be a further secondary
conbusti on chanber 71 which aids in the 10 efficient operation of the

engi ne. FIG 16 is a graph showing/The relative positions of the

pri mary and secondary pi ston when the secondary piston as tuned so as
to be 20 degrees BDC whil st the primary piston is at TDC. In
addition, there is shown on the graph the relative timpgs of the
openi ng and closing of both the intake ang the exhaust 15 pOrts. The
y-axis refers to a particular volune | P S HTETRes; due to

enpirical research, particularly a not OrQitet 1L RL-A08 , It is not

intended to linit this inveq ey ! DY AQHAMN 0 any relative
si ze of the primary to°\\~ ol EVay , ke—)This graph is
i ntended to show orfyy ong lal\ B¥9Rpl e eFZ2A\ENGI ne [whi ch was -

—adlant ages in
h conventi onal
er at e one plston cylinder. The

"found to satisfactorily
an engi ne the subject of
internal conbustion engineQ

| oads on the first cranksha ) : cra aft off an engi ne
constructed as taught by /thi i r d ovgral |l as
conpared with 'those in 4 NeyY I'ng the conprgsgijon 25 and

expansi on strokes. Thus‘the | oad
marginally smaller, at 10 degrees
ATDC woul d be about eqU|vaIent whill st t her 4
The

At 20 degrees
%e smal ler. -

FIGURE 12

FIGURE 13



veduction of the |oad should result in l'ess friction in the main crankshaft
assenbly. Thus assuming that the frictional characteristics of _this engine
as 30 cONPAFBW%o a standard one are about the same, the FPEGANEYEH?bf the
I oad shoul d tead to greater nechanical efficiency. A further
advantage of this invention is that the head shoul d absorb | ess heat

than a standard head. The significant area being the exhaust. In

conventi onal engi nes, the poppet/7exhaust valve is directly in the
path of gas flow and there 35 is considerable turbul ence as the exhaust
gasses pass out of the cylinder. The WO 96/ 12096 ‘
PCT/ AU95/ 00691 ' ' 16 t enperat ure
of the poppet valve may thus rgach over 1@90 degrees Centi grade. The
flow out of the head as disclos®ad in this jnvention\is |ess t yr bul ent
as there is not netal protrusion\n the gas flow TRe resulting gas
flowis thus less turbu 4 ] lengi ne.
5 This has the further e A\n t ' the
catal ytic convert gt n S i ' d. A
furt her advant age 1 cour 1 Hu@t t ¢ | ess tufbul ende, the
head absorbs | ess heat | ' claflge|density pf the 33
air/fuel mxture may be greaterTne - ' ‘ w
‘.'I ".‘ ‘.‘. ] m
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reduction of turbulence also |eads to | ess punping | osses. 10 Another
advantage of this invention is that the exhaust port is continuouslx
bei ng furt WO9%8MR$sed (enl arged) this continuing nearly tondTFAYROOH] of

the stroke when the rotary disk cones into action. This nmay be .
conpared with the standard engi ne poppet valve which starts reducing
the gas flow at around 600 degrees of the stroke cycle, at which
point its maximum |ift is reached. 15 7fhis invention enabl es the maxi mum
exhaust port area to occur at 710 degrees. Furthernore, the nature of
t he exhaust opening also tends to re¢duce any acoustical noise |evel.
The | arger openinggﬁof'bhe'exhaust port al | ows nore use of the
ki netic energy up'ﬁﬁe cBI 8 of thejexhausts gasses and 4o Ccreates a
negative pressure ¥n the § mbustionfchanber. 20 |In rac[RgemNgi nes where
excess fuel consunptipA—agd excess Iydrocarbons arp not |an issue this
kinetic energy may besused §n a siml manner to two- St r oke
engi nes. To enhance t&is prlpcess, the c Ing of the disk val e shoul d
be ideally left to Ié@er inNithe cycle, say roxi matelyl at 7Q @egrees ATDC
on the intake sgrokg4lln this|instance, ortion pf the-Entake
m xture follows th8 Z& exhqust col yrm ‘and may fi the first |sgveral
centimetres of thegexhaust jpi pe. | Thus in a nmul™N.-iplet dort engine
there may be one iﬁtake porjt\ posi ti pned substantNa| |y opgposite an
exhaust port in th& upper gylinder yall so as to direct an intake
stream across the @onbustedn \chanber at the exhaust port_&?%l t the
ot her intake portsZare difgdcted away fromthe exhaust po 0 t he
cylinder. 30 To @&dd nor@dkifetic ¢nergy to the procesg|the gxhaust should
be open earlier at. ggpr xi mat ¢l y 460 degrees. B Al so tjo wi den the
w ndow of opportunity - g
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S 97 g B
g 2 & @
3 - o ©
£ . 2 ° w
“ 88 |z o | & W
8- 6 a4 = X
2 w
3 -4 O
3 < TN
E o
o s ©
2 © |8
N o
— & :
® o
» .
L
Q
8 £ 1
£
2
21 M
2 g o8 .
b=

100 -

g

300 -

° 8 g8 8

99 U1 INNTOA



cr/Aug 00691

bet ween when the intake port is closed and the exhaust t
approxi mately 250 to 300 degrees instead of 250-to 270 g%ﬁgé ECQh egi‘”ﬁ- 1338

trailing edge of the rotary disk should be tined to open the exhaust
port -agai:n -At - 35 approximately 240 gegrees, this allow ng the reverse
pressure pulse fromthe - WO 96/ 12096

PCT/ AU95/ 00691

stroke style esanfideratigns and bithe abilitysef the epgingiq @cgargﬁ:ﬂ@sgyl@pe( Pﬂ'@k%

m >r<]t ur te in Ehefreslﬁalrﬁmepmbautmbbtw : td;]\h@r amﬂusﬂmcraaﬂhgrtlt)etremw:ms pbe
exhaust port is.clos S

bt P Snotias dted BB s B maphSEe SRt 508 el fleftel RodainGe |
- further advantagéhe valveiss beadings, rods taingt pistoasewhile morea$ldgahe tergtb wf dhé n

Lhe & (bBAEF shBkeL & iAfeB A EHe RlabindaR BN lhnkbatiie Standard

engi ne wor expande nSeat e ex aust val ve
against this pressure (that pressure usually being of the order of

50-70 pounds pepy ilﬂ\iéﬁﬁ‘or'l RCirected to mﬁ;@ﬁﬁ‘q fHe Rbﬂe? Bﬁaﬁ%bﬂfé fd?% §N8h eCt of

this invention, sure 1s-util do work
pi ston. |f thecﬁaé@h’g 8Rgingsserne &f &he époﬁ%ﬁﬁfﬁmﬁﬁ%wmh a"eCt'EGE’S squar e

millimetres ( 4d5térﬁﬁﬁ7@$h§nge¢bt ahharigifié2 STHi$ invemtianfio directed towairds 4G6ur-
hundr ed pound_s,str%Léké%ug%_k.l 00-340 is nore likely because of 1ower pressures

10 DISCLOSURE OF THE INVENTION

Therefore in one form of the invention although this need not be the only or
indeed the broadest form there is proposed an internal combustion engine
comprising of;

two cylinders co-axially aligned and meetlng to form a combustlon
15 ' space therebetween

a first piston adapted to reciprocate within the first cylinder;

a second piston adapted to reciprocate within the second cylinder;
the said two pistons being drivably coupled so as to synchrondusly
move one with respect to the other such that the second piston

20 - moves at a frequency half of that of the first piston;

means for providing for an air/fuel mixture inlet through a first
‘aperture or apertures in the wall of the second cylinder; -

_ means for providing an exhaust outlet through a second aperture or
apertures in the wall of the second cylinder;

25 a timed exhaust sealing valve within the exhaust outlet to effect an
opening or closing of the exhaust outlet at a selected time in the operating
_cycle of the engine; and
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due to the greater expansion stroke. However, the conbugtclr%uhgssbéeq 0 6 g 1
shifted slightly so as to occur later in the cycle so th(RE'&EEdMEBhQsS(;H]L 1998
15 properties are yet to be deternmined accurately. . . Turning now to
the reed valve, its use confers an advantage in-that intake - occurs
whenever pressures or the kinetic energy of intake or exhaust colum

dictate. But also the reed val ve causes the.gas velocity to be greater than
normal at |ow thrott| dNgcarariges peinmpesitionRbao i ff1' Whi ch™t oF fhér~ditds i n

20 atom sing tdsveting andliihGovaiigediahe apettiréP bR e maenferlt vt ek seeaednd
venturi . . Referring now to the crankshaft notions, in prior art the
upper piston rddg its TDC well in advance of the main piston.
This inventi on however teaches that even if the stroke is variable

t he upper piston does n reach_its T . befar ; i iston. A

further additi o'ﬁ‘a?rgfeéﬁpgé é“%?x‘[‘%‘r'%‘ %@g&ﬂé’a{‘_’ﬁf anﬁ'ﬁgﬁzpé g‘?am%&gand I's used

so as to mnimse the space requirenents (specifically the verti cal

extent caus ; | ' f

the rmi n-pi 9t on! WpdfpS 8f Bial Vet alvinidflent BimiEads stibbetiale TR ),

of these i npar tisceeasesiulwnetriesefficiency since thepreis Ne valya in Mg waysofiben

taught in lyaB i ; ) i i '

bei g sl ower ¢ REAAUgaB Y, TS aftirediRes vt el T elirpe R e VAl o

Thus nechani cal $gotingjwhieh oceyrsip a poppet valyg agheat ¢ap anly Pﬁé"?ﬁ&@%%drﬂ Q0Gn

?f t e(rj the mai [‘hﬁiesﬁ@'?odv@etm&ﬁ:thedama#sing it to b§hﬁél¢n@lryt%tté§seﬂ. nniamgtt&@ﬁ@ns
or desirin e nmi.n piston t.o reac prior e _secondary.

b ston. Fi 1 yPoRRe vty oB8rRs i kodandi B e amoustioh A0kee WRRA aiies

openi ng t he por pewanwhendberaproliestion space iSamaled icpmpressioni Thedisc-type oty

' valve improves mechanical efficiency since no power is expended working
against the compression.

In preference at least a part of the second aperture or apertures is so

15 positioned on the wall of the second cylinder whereby when the said part is
uncovered by the second piston the second piston covers all of the inlet
aperture or apertures.

In preference the said part of the second aperture or apertures is located
lower on the wall of the second cylinder than the first aperture or apertures.

20 In preference the disc-type rotary valve is constructed from a suitable material
| such as ceramic coated plastic although other materials such as Aluminium or,

Titanium may be used. The material to be used may be dictated by the -
stresses that the engine may be subjected to and the expected revolutions per
minute that the engine may reach as well as the fuel that is to be used since

25 that can have an effect on the operating temperature of the engine. Of course,

" the total cost of production will be a determining factor in some instances

depending on what the proposed application of the engine is.

To overcome frictional losses by the disc-type rotary valve rubbing against the
outside wall of the cylinder, the exhaust port preferentially protrudes

30 somewhat from the body of the cylinder, the result being that the disc-type
rotary valve only rubs against that protrusion. In preference this protrusion is
ceramic, although other suitable materials such as brass may be employed.
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1'9 CLAI MB 1. An internal conbustion engine copaui §Bo/foQ Q6 9 3
two cylinders co-axially aligned and neeting to forma cg@@EqV@[} 2 5 JUL 1396
space therebetween; 5 a first piston adapted tO reciprocate

within the first cylinder; a second piston adapted to
reci procate within the second cylinder ~ the said two
pi stons being drivably coupled so as to synchronously nove

one with respectha atesaldhatihesprotrusioatis td bescanstictadsfrom will be chosen solely

noves at a fre ’ : fH Sh@R]; ial &

for providing 19%(? ﬂﬁbéﬁ"}ﬂo { Etél %(?Ig%éf%'gtréﬁ??ﬁ&g erefgegged materg ! gﬁ?%pg

or apertures i nsta@tiygly sofandwilkaeldamage theidisc-type rotary valve. But the wear

, may be minimal since it is the centifugal force that acts so as to keep the rotary
5 valve in position and the disc only just touches the protrusion lightly.

Since during the operating cycle there are times when both the first and
second apertures are uncovered by the second piston, to prevent the exhaust
gases flowing through the inlet valve, the air/fuel mixture inlet further

comprising inlet valve that is preferentially a one-way valve such as a reed
10 valve, or a rotary disc valve. -

The exhaust and inlet apertures are preferentially circular in shape although
other shapes, such as elliptical can be employed, the shape only limited by
the mechanical tolerances, such as the rings in the second piston.

In preference there is at least one spark plug adapted to ignite the air/fuel

15 mixture in the combustion space, although the engine could be modified to
use diesel fuel which ignites due to compression only, or could be modified to
use more than one spark plug in the combustion space.

In preference the air/fuel inlet aperture has a construction allowing selective
charging of the combustion space, such as stratified charging.

20 Stratified charging is a means of admitting air to the combustion space, also
‘known as the chamber, so that it is warmed and leans the centre volume of the
chamber. A small tube or a passageway can extend into the exhaust outlet
between the second aperture or apertures and the rotary disc valve. This tube
or passageway enters the exhaust outlet in such a direction so as to create a
25  swirl of air around the walls of the exhaust outlet so that when the air enters
' the combustion space or chamber it is swirling in a substantially opposite
direction to the air/fuel mixture from the inlet first aperture or apertures. The
majority of the air/fuel mixture stream is directed to substantially adhere to the
combustion space walls and go below the exhaust aperture. However a small
30 proportion of the air then flows to the exhaust outlet from the small tube and -
enters the combustion space above the main intake air/fuel mixture flow
swirling at a lower velocity in the opposite direction to the major air/fuel
stream. Therelore it substantially ends up in the centre of the chamber ar
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reans for providing an exhaust outlet through a second "&'{l‘éﬂtfugeﬁo/ 0 0 6 g 3
apertures in the wall of the second cylinder; £ \gegl ed JUL 1996
exhaust sealing valve within the exhaust outiet to effecq gf 1 openi ng or
tlosing of the exhaust outlet at a selected time in the operating

cycle of the engine; and 4/1 the apertures being positioned so
as to be opened or closed by covering and uncovering of the apertures

by the ”DVGWEQ{on% ustioR Wﬁibeu mlxeﬂ'vﬁfrpé peré’&taée of\thd ﬁ'tem afffuebmbuaid on

engine as in claim 1 wherein i val ve is a disc-type
rotary val ve. stream thus eﬂﬁ“’?%ttelftr'%we tﬁﬁta&ﬂm legn mixture will e egp 2
wherein at | eatﬁb |éamlat'nrﬂébmty limittdmg tﬁét‘émrb dparense the amepmtiof hysrocarsons

part 1 5 ancovapBaolgnadne iRt Rpcess, 156 SR iRGH 53“*@%9%52%?»&' X

the inlet gperinvestian isabat theierel/alr mixture $tream aisoaohmﬁoasrtmkﬁepdheeotyryne as
In claim3 whegel AR ﬁ@'lﬁje BRhAuSoutfets cooler.
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20 second aperture or apertures is |located |ower diCTt/Né ga5llog Oh@ 9 1
second cylinder than the first "aperture or apert ureRECEWEDS.Z AnJuL 1336
internal conbustion engine as in any one of the above clains wherein _
the exhaust outlet includes a protrusion which protrudes sonewhat fromthe

5 body of the cylinder resulting theodi sc-type rotary valve only

contacting agai nst t hat protrusion. 6. An internal conbustion
engi ne as in cCaams® wherein the protrusion is - ceram c, although ot her
suitable materials such as brass may be enpl oyed. 7. An internal
conbustion engine as in any one of the above clains wherein 10 the .

ai r-fuel m xtuteAnrhternalucarnbustiomengine comprisingaf; i nl et val ve. 8. An
i nternal conbustion engine as in any one of the above cl ains wherein

the inlet valve is a reed val ve. 9. An internal conbustion engine as

in any one of the abolwogylindersigeeagaly aligned paddnesling toafedmi & cembagtion ur es

are substantially ci rnggé thEretedW8en: 15 10. An internal conbustion
engine as in any one of the above c?a'i nms wherein t he exhaust and

inlet apertures are substantially non-circular in shape, such as but
not limtedgto elliptigst piston adapted to reciprocate within the first cylinder;

a second piston adapted to reciprocate within the second cylinder;

the said two pistons being drivably coupled so as to synchronously
move one with respect to the other such that the second piston
moves at a frequency half of that of the first piston;

10 means for providing for an air/fuel mixture inlet through a first
aperture or apertures in the wall of the second cylinder; '

. means for providihg an exhaust outlet through a second aperture or
apertures in the wall of the second cylinder,;

a timed exhaust sealing valve within the exhaust outlet to effect an |
15 opening or closing of the exhaust outlet at a selected time in the operating
cycle of the engine; and

the apertures being positioned so as to be opened or closed by
covering and uncovering of the apertures by the movement of the second
piston. ' '

20 _'2. An internal combustion engine as in claim 1 wherein the exhaust sealing
valve is a disc-type rotary valve. '

3. An internal combustion engine as in claims 1 or 2 wherein at least a part of

the second aperture or apertures is so positioned on the wall of the second

cylinder whereby when the said part is uncovered by the second piston the
25 second piston covers all of the inlet aperture or apertures.

4. An internal combustion engine as in claim 3 wherein the said part of the

LT e
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11. An I nternal conbustion engine as in any one of the ab r
there is at |east one spark plug adapted to ignite the ai ?‘?ﬁ&im\ﬁ% ?HE 1936

the 20 conbusti on space. 12. An internal conbustion engine as in
any one of clainms 1 to 10 wherein the engine is adapted to use diesel
fuel which ignites due to conpression. 20 13. An internal conbustion

engine as in an f cl al. erein there . s a secondary
air/fuel inlet §8§£§§%£9?%Z%%E%§8H’ee§ gﬁo%ﬂ?giqw?hgn he )"ﬁﬁéﬁ tb% s@ﬁongent er
the conmbustion s i thaa theifirst apertuve iopapertdrasher eby act so as to

cause a preferential charging of the conbustion space, whereby the notion

of the air/fuel mxture fromthe secondary air/fuel aperture is in a
di rection 5 s tndginah ceybystion eaginetas inhany one of ithey abbee claitissvharain

chanber t hr ough thé@xhaust olffEt In@ldés iridi : :
21 14. _An inter ustion g r?trll’gé'gé Viﬁﬁeg?;é tgl#]deesO?orpﬁ\éJthg\%n the
n

| ¢ ) = (
clai ms wherePn Dody QfHEeQBB resuiting tg@ disa-tyReriotaly valie enly eondacting: against
whi ch i s bet weenh&Oprotrugidn. _percent of the dianmeter of the first piston.

6. An internal combustion engine as in claim 5 wherein the protrusion is
ceramic, although other suitable materials such as brass may be employed.

7. An internal combustion engine as in any one of the above claims wherein
10  the air-fuel mixture inlet further comprises a one-way inlet valve.

8. An internal combustion engine as in any one of the above claims wherein
the inlet valve is a reed valve.

9. An internal combustion engine as in any one of the above claims wherein
the exhaust and inlet apertures are substantially circular in shape.

15 10. An internal combustion engine as in any one of the above claims wherein

the exhaust and inlet apertures are substantially non-circular in shape, such
as but not limited to elliptical.

11. An internal combustion engine as in any one of the above claims wherein

there is at least one spark plug adapted to ignite the air/fuel mixture in the
20 combustion space. '

12. An internal combustion engine as in any one of claims 1 to 10 wherein the
~ engine is adapted to use diesel fuel which ignites due to compression.

“13. An internal combustion engine as in any one of the above claims wherein
there is a secondary air/fuel inlet aperture so positioned to effect the air/fuel to

25  enter the combustion space in a swirling motion and thereby act so as to
cause a preferential charging of the combustion space, whereby the motion of
the air/fuel mixture from the secondary air/fuel aperture is in a direction

“substantially different to that entering the combustion chamber through the
main air/fuel inlet aperture.
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15. An internal conbustion engine as in any one of the above ? engin
5 the length of the stroke of the second piston is betwRhE \?EE(QM% JB'L 1998

percent the | ength of the stroke of the first piston. 16. An
.i'nternal conbustion engine as in any opg of the above clains wherein
the crowm of the first piston is substantially flat so as to m'nim'se

t her mal | Oﬁg% |nté91a| Eémbﬂ%hbﬂte‘?\r&m a% %Wt‘ll“grbfetngla%%ha%%% ”‘

of claine 1t ston
t he conpressi orthﬂeﬁeiC@nd plston is ®ylingrical madrhas %dmg@r whichisi b@tvsaen 50 a:nyo

one of the abOVﬁbr@éﬁﬂmhé*tﬁérﬁb{brofthehlf'&rp%tﬁﬁ‘{" of the second piston is
substantially coni cal I nternal conbustion engine as in any

one of the above clains wherein 15 the first piston is connected to a
first cranks hafts Atinteart ednibstion drigine as in @AY reﬁét@fcthbcab@v%ecﬂé)im!s wherem

crankshaft, fi a C crankshaft dr| va

each .ot her \ghe Bye ﬁﬁtg @3@%%{0@% 9335%&?‘80'? ﬁt%'ysatﬁetﬁ’r?eér?g% o0 percPent the ©
vel ocity hal f tleagthodf theestidkesdf the dirdtgiston. 20. An internal
conbustion engine as in any one of the above clains wherein 20 the second
piston is connected to a crankshaft which lies within the second

pi ston skirt. 16. Aninternahcombustionl engim® astin anyang okthesabovectiaims !Mb\erem
wherein the SecfP\'édchWﬁtd’thé Sirst pistor3g %ﬁﬁﬁ%ﬁﬂaﬁﬂléﬂ”@o &8 1 kinfliSe hémdal

con-rod which faces away fromthe cro
losses.

10  17. Aninternal combustion engine as in any one of claims 1 to 15 wherein the
~ crown of the piston is shaped to affect the compression ratio.

18. An internal combustion engine as in any one of the above claims wherein
the crown of the second piston is substantially conical.

19. An internal combustion engine as in any one of the above claims wherein

15  the first piston is connected to a first crankshaft, the second piston is _
connected to a second crankshatft, the first and the second crankshatft drivably
coupled to each other whereby the second crankshaft rotates at an angular
velocity half that of the first crankshaft.

20. An internal combustion engine as in any one of the above claims wherein
20 the second piston is connected.to a cranhshait which lies within the second
piston skirt.

21. An internal combustion engine as in claim 20 wherein the second piston is
‘connected to the crankshaft via a con-rod which faces away from the crown of
- the second piston. |

25 22. Aninternal combustion engine as in any one of the above claims wherein
the cooling of the engine is accomplished by convention means such as

‘water-cooling or air-cooling.

23. An internal combustion engine as in any one of the above claims wherein
the disc type rotary valves can be used with both the inlet and the exhaust

INRIRHNI rw=iozo sneer, o yop gy




‘the second piston. 25 22. An internal combustion engi FETAUQ 5n4 0r0 6:9 1
t he above cl ai ns wherein the cooling of the engingd i
REGETIETTISIUL %

conventi on neans such as wat er - cool ing or air-coo
internal conbustion engine as in any ae of the above clains wherein
the disc type rotary val ves can be used with both the inlet and the exhaust

outlets. rglzh.ptééin I nternal conbustion engine as in claim19 wherein the
exhaust rotary ~ " 7'disc valve is substantially open through nost of the
rotation of the first -crankshaft of between 180 to 360 degrees, the

exhaust stroke. it I ' i ' i

wherein the exhzétdsﬁ}‘ in(g%@ra {/éﬂrﬁbu&ﬁé@%hg@%\t%é‘ﬁib@ﬂg?%ﬁ ?Eﬁﬁw %Pgﬂgwrﬁ%ﬁgh
most of the rotdise yalvefis shbstantially open through snesttof dhe netatior of geofitst 540
degrees, the i ndrakRsHHf KSetween 180 to 360 degrees, the exhaust stroke.

5 25. An internal combustion engine as in claim 19 wherein the exhaust rotary
disc valve is substantially closed through most of the rotation of the first
crankshaft of between 360 to 540 degrees, the intake stroke.

26. An internal combustion engine as in claim 19 wherein the maximum

exhaust port area occurs substantially at 710 degrees of rotation of the first
10  crankshaft.

27. An internal combustion engine as in claim 19 wherein the rotary sealing
valve is fully closed at 70 degrees rotation of the first crankshatft.

28. An internal combustion engine as in claim 19 wherein the second cylinder

causes the inlet aperture to be closed at 250 degrees rotation of the first
15  crankshaft.

29. An internal combustion engine as in claim 19 wherein the second cylinder
causes the inlet aperture to be open when the first crankshaft rotation is
between 250 to 700 degrees.

[
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(54) Title: A DUAL PISTON INTERNAL COMBUSTION ENGINE v

(87) Abstract 7 ,
N
An internal combustion engine (1) comprising at least two cylinders (4, 8) \ / 1

meeting to form a combustion space (12) therebetween, a first piston (3) adapted to N /
reciprocate within the first cylinder (4) and a second piston (7) adapted to reciprocate \ é |__—8
within the second cylinder (8). The two pistons are drivably coupled via a chain 7/
drive connecting their respective crankshafts and synchronously move one with \X 18
respect to the other such that the second piston moves at a frequency half of that 7 { \ N 13
of the first piston. An air/fuel mixture inlet aperture (14) as well as an exhaust N oS 14
aperture (15) are located in the wall of the second cyhnder (8) and are opened or 17
closed by the movement of the second piston (7). There is a further exhaust sealing 16 11
valve (17) such as a rotary disc valve which opens or closes an exhaust port (16) 15
connecting the exhaust aperturé (15) to the outside (or exhaust system), the sealing 12
valve (17) closing the exhaust port (16) so as to prevent exhaust gases from re-
entering the combustion chamber (12) when the engine is in its intake stroke and _K 3
when the exhaust aperture (15) is not covered by the second piston (7) The air/fuel 4
mixture enters the combustion chamber (12) through a one-way valve (13), usually q : 2
a reed valve,
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cyl i nder

i nt er nal

i nt er nal

rotation of the first

conmbustion engine as in
5 valve is fully closed at 70 degrees
conbustion engine as in
causes the inlet aperture
crankshaft. _
engine as in claim19 wherein the second cylinder

aperture to be open when the first crankshaft-
to 700 degrees.

described herewith

acconpanyi ng draw ngs.
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claim 19 wherein the rotary sealing *
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