2011/027140 A1 | 00 O O 010 R 0 0

<

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2011/027140 A1

(19) World Intellectual Property Organization /’@?‘?’3\
International Bureau v{ 0
al
(43) International Publication Date \'{_5___,/
10 March 2011 (10.03.2011) PCT
(51) International Patent Classification:
FOIM 1/08 (2006.01) FO2F 3/00 (2006.01)
(21) International Application Number:
PCT/GB2010/051401
(22) International Filing Date:
25 August 2010 (25.08.2010)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
0915230.7 2 September 2009 (02.09.2009) GB
0915574.8 7 September 2009 (07.09.2009) GB
1004706.6 22 March 2010 (22.03.2010) GB
1010604.5 24 June 2010 (24.06.2010) GB
1010981.7 30 June 2010 (30.06.2010) GB
1011653.1 12 July 2010 (12.07.2010) GB
1013527.5 12 August 2010 (12.08.2010) GB
(72) Inventor; and
(71) Applicant : MERRITT, Dan [GB/GB]; 139 Baginton
Road, Styvechale, Coventry CV3 6FY (GB).
(74) Agent: GEE, Steven; D.W. & S.W. GEE, 1 South Lynn

Gardens, London Road, Shipston on Stour, Warwickshire
CV36 4ER (GB).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: INTERNAL COMBUSTION ENGINE

-]

Z

§ |

10

25 =
N

41

- \‘} _ﬂ% 7— 126
114 — L: 125
L 214
BTN 42

M .

L ///\V/ﬁ

FIGURE-2

(57) Abstract: A device for reliable and effective lubrication of pistons (1) in a reciprocating internal combustion engine, patticu-
larly a two stroke engine, either gasoline or diesel, which use the crankcase as an air pump. Lubricating oil is delivered to and ex-
tracted from intercommunicating grooves (114, 14, 214) in the piston skirt situated between two piston rings and is smeared
around and along the cylinder bore by piston movement. The oil can flow continuously or intermittently during the pistons move-
ment. An additional feature for two stroke engines is the separation of the transfer ducts volume from the crankcase volume by
non return one way valves. This invention aims to reduce hydrocarbon exhaust emissions by minimising contamination of com-
bustion air with lubricating oil.
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INTERNAL COMBUSTION ENGINE

This invention relates to piston lubrication in a reciprocating internal combustion

engine but particularly to an engine operating on a two stroke cycle.

Some two stroke spark engines which use the crankcase as an air pump achieves
their lubrication needs by mixing oil with the gasoline which enters the crankcase
together with the air intake. Such engines experience excessive emission of
unburnt hydrocarbon in the exhaust. This invention seeks to provide a very
effective and reliable lubricating system for piston movement in the cylinder
whilst, when applied to two stroke engines, also minimising the emission of
hydrocarbons in exhaust gases which originate from lubricating oil. The lubrication
of the piston is done with minimal oil contamination of the air passing through the
crankcase where the crankcase is used to pump air into the cylinder. This
invention is applicable to two stroke engines, both spark ignited and compression
ignited. It is also applicable to four stroke engines requiring reliable piston
lubrication for example lubrication independent of the orientation of the engine

when in use.

Accordingly this invention provides an internal combustion reciprocating engine
comprising;
a piston reciprocating in a cylinder comprising piston crown and piston skirt;

a connecting rod attaching the piston to a crankshaft rotating in a
crankcase;

at least one lower piston ring;

at least one upper piston ring located between the lower piston ring and the
piston crown;

a lubricant dispensing means to deliver lubricant to the piston;

a lubricant supply port situated on the cylinder wall, communicating with
the lubricant dispensing means;

a lubricant retrieval means provided to extract from the cylinder surplus

lubricant delivered by the lubricant dispensing means;
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a lubricant return port situated on the cylinder wall, communicating with the
lubricant retrieval means;

characterised in that a circumferential lubricant conduit is provided in the
piston’s outer surface, between the at least one lower piston ring and the at least
one upper piston ring, the lubricant conduit being positioned to communicate
simultaneously with both the lubricant supply port and the lubricant return port

during at least a portion of the duration of the piston’s movement along its stroke.

This arrangement provides a flow path for lubricant such as oil through conduits
in the piston’s outer surface, which allows the oil to flow from the lubricant supply
port through the circumferential lubricant conduit to exit the cylinder from the
lubricant return port during the engine’s operation and provides oil contained in
the circumferential lubricant conduit to be smeared around the circumference and
along the length of the cylinder bore during the movement of the piston in order to

provide lubrication.

For the sake of illustration, directional terms such as upper and lower, and above
and below are used in this specification in their ordinary meanings, with the
engine oriented with the cylinder’s longitudinal axis substantially vertical and with

the piston above the crankshaft.

The terms conduit or groove or channel describe a means allowing the flow of
lubricant such as oil in the space between the piston and the cylinder bore. The
feature can take a number of forms, for example a groove cut into the outer
surface of the piston to allow the flow of oil through it, being contained therein by
the cylinder wall. It can also take the form of a clearance formed between the
piston and the cylinder wall which is obtained by machining a flat surface on the
curved cylindrical outer surface of the piston which can also allow a gap for the
flow of oil; such a flat will also be referred to herein as a groove. The groove can
also be a circumferential groove cut into the outer surface of the piston or a
circumferential ledge or channel formed by a step formed by reducing the outer

diameter of the piston and not confined from above or it can also be a
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circumferential ledge or channel formed above a piston ring and not confined from

above.

The term piston ring describes a ring capable of scraping some oil deposited on
the cylinder’s inner surface, it can also be a gas compression sealing ring if found
suitable. One piston ring or a number of rings may be used either above and/or

below the gudgeon pin’s position depending on the piston design.

The term inner dead centre describes the piston’s position when the cylinder
volume above its crown is at the minimum value during the cycle. The term outer
dead centre position describes the position when the cylinder volume is at its

maximum value.

Preferably the lubricant supply port is located on the face of the cylinder which
experiences thrust force exerted by the connecting rod during the expansion

stroke of the piston.

Preferably the lubricant return port is located diametrically opposite the lubricant

supply port.

Preferably the lubricant supply port and the lubricant return port are situated to
face a lubricant conduit or groove in the piston when the piston reaches its
momentary dwell position either at its outer dead centre position or at its inner

dead centre position depending on the design of the piston.

Preferably a longitudinal lubricant delivery groove is provided in the piston
(substantially aligned with the cylinder’s longitudinal axis) to communicate with the
circumferential lubricant conduit and is situated in the piston’s outer surface in a
position aligning it to face the lubricant supply port during at least part of the
duration of the motion of the piston. This longitudinal lubricant delivery groove can
extend towards the piston’s crown over a distance but preferably it should not

communicate with a piston ring groove belonging to an upper piston ring.
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Preferably a longitudinal lubricant return groove is provided in the piston (also
substantially aligned with the cylinder’s longitudinal axis) to communicate with the
circumferential lubricant conduit and is situated in the piston’s outer surface in a
position aligning it to face the lubricant return port during at least part of the
duration of the motion of the piston, this longitudinal lubricant return groove can
extend towards the piston’s crown over a distance but preferably it should not
communicate with a piston ring groove belonging to an upper piston.

Preferably the lubricant retrieval means applies a sub atmospheric pressure to the

lubricant return port.

A two stroke engine which uses its crankcase as an air pump will have at least
one gas transfer inlet port situated at suitable location(s) on the circumference of
the cylinder wall to allow air to enter the cylinder when the piston is near its outer
dead centre position and will also have at least one gas transfer duct connecting
the crankcase with the gas transfer inlet port(s).

Preferably the gas transfer inlet port(s) are placed around the circumference of
the cylinder at some distance from the said longitudinal lubricant delivery groove
and longitudinal lubricant return groove on the piston so as to ensure that when
these longitudinal grooves move with the piston there is sufficient distance
between the gas transfer inlet port(s) and the longitudinal lubricant grooves to
avoid the direct leakage of lubricant from these grooves into the gas transfer

port(s).

Preferably a one way valve, such as reed valve, is situated at the crankcase end
of each of the gas transfer duct(s) to allow the flow of air from the crankcase into
the gas transfer duct when the piston moves during its expansion stroke but to
stop the transfer duct(s) from experiencing sub atmospheric pressure when the
piston moves during its compression stroke and the crankcase is experiencing

sub atmospheric pressures.
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Preferably the lubricant supply port is restricted by an orifice which helps to

control the amount of lubricant such as oil delivered to lubricate the piston.

The invention therefore provides a flow path for lubricant (oil) supplied to the
piston from a source external to the cylinder and the extraction of such oil from
the cylinder to an external lubricant retrieval means in order to minimise the
amount of lubricant which remains inside the cylinder. The piston’s reciprocating

movement is used to smear lubricant on the cylinder wall.

The invention will be further described, by way of example, with reference to the
accompanying schematic drawings, which show:

Fig.1 is a cross-section through a cylinder, piston and crankcase of a two stroke
engine incorporating the present invention, with the crankshaft and other

componentry omitted for clarity;

Fig.2 is a cross-section through a part of a cylinder and a piston of a two stroke
engine according to the First Embodiment of the present invention, the
left-hand side of the drawing showing the exterior of the piston, the right-

hand side of the drawing showing a section through the piston;

Fig.3 is a cross-section through a part of a cylinder and a piston of a two stroke
engine according to the Second Embodiment of the present invention, the
left-hand side of the drawing showing the exterior of the piston, the right-

hand side of the drawing showing a section through the piston; and

Fig.4 is a partial cross-sectional view through the cylinder showing the piston of
the engine of Fig.3, perpendicular to the cross-section of Fig.3.

Similar reference numbers are used for similar components in the different

embodiments.
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The invention can be implemented in a number of embodiments. One preferential
embodiment, applicable to both two stroke engines and four stroke engines, is
referred to herein as the First Embodiment, and is illustrated in Figure 2. The
piston may be constructed substantially as a cylinder whose length exceeds the
stroke of the piston at least by the length required to accommodate the piston
rings and the circumferential lubricant conduit 14 which is placed above a lower
piston ring (or rings) 42 situated near the lower end of this cylinder as shown in
Figure 2. In such embodiment the lubricant supply port 12 is situated a short
distance below the lowest upper piston ring 41 when the piston 1 reaches its outer
dead centre position to face the upper end of the longitudinal lubricant delivery
groove 114 and is situated to face the circumferential lubricant conduit 14 when
the piston is at its inner dead centre position. The lubricant return port 125 and
the longitudinal lubricant return groove 214 are similarly positioned diametrically
opposite in relation to the piston 1. Such embodiment allows the longitudinal
lubricant delivery groove 114 to face the lubricant supply port 12 during the motion
of the piston over a complete engine cycle and similarly allows the longitudinal
lubricant return groove 214 to face the lubricant return port 125 during a complete
engine cycle. Both longitudinal grooves 114 and 214 extend towards the piston’s
crown over a distance which ensures that their upper ends do not reach the
groove of the upper piston ring 41 but to best advantage allows their upper ends
to extend to a position where each face the respective lubricant supply port 12 or
the lubricant return port 125 when the piston is at its outer dead centre position.
The advantage this confers is the ability to deliver and extract lubricant (typically
oil) to and from the piston continuously during the engine’s operation. A piston 1
so constructed will also allow the positioning of exhaust ports in the face of the
cylinder.

In such an embodiment oil can be delivered to the lubricant supply port 12 by the
lubricant dispensing means 25 either continuously or intermittently. The duration
of delivery is dictated by the quantity of lubricating oil required to meet the piston’s

lubrication needs. Intermittent lubrication can start and stop without regard to the
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position of the piston at those instants. The delivery can be separated by an
appreciable interval of time, for example several minutes, or by a predetermined

number of engine revolutions.

Another embodiment according to this invention, to be referred to herein as the
Second Embodiment, is illustrated in Figures 3 and Figure 4 which show two
longitudinal cross sections through the piston and cylinder of a two stroke engine,
ninety degrees apart. A similar embodiment can also be applied to four stroke
engines which use short pistons as well as to the two stroke engine shown, which
uses an exhaust valve and inlet ports and is constructed with shorter pistons
where the lower end of the piston 100 is elongated only at the thrust faces of the
piston and is cut away elsewhere below the cylindrical crown so that the lowest
part of the piston 1 does not form a continuous cylinder. In such a two stroke
engine the inlet ports 8 can be exposed to the crankcase when the piston crown
rises above them when moving towards it inner dead centre position. In such an
engine the upper and lower piston rings 41 and 42 may be situated in the
cylindrical part of the piston at its upper end adjacent to the crown and the
circumferential conduit 14 may be situated above the lower ring 42 or indeed be
the ledge formed by the uppermost lower piston ring itself.

In this embodiment the lubricant supply port 12 and the lubricant oil return port
125 are best positioned to align with the upper end of the longitudinal lubricant
delivery groove 114 and the longitudinal lubricant return groove 214 when the
piston reaches its outer dead centre position, when there is a short time dwell in
the piston’s movement. In this embodiment oil delivery is best made intermittently
with each delivery carried out over a short time period and timed to start during
the expansion stroke when the piston reaches a position where the circumferential
lubricant conduit 14 is facing the lubricant supply port 12, and timed to end when
the piston returns to that position during the compression stroke of the piston.
Suction may be applied to the lubricant return port 125 continuously to avoid the
need for timing it to take place over a short time period.
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Timing the delivery of oil in relation to piston position and the short delivery time
duration needed at higher engine speeds can be achieved by using an electronic
injector, of the type used to inject fuel to an engine at a given instant and over a
predetermined duration.

Another solution available for engines designed according to this Second
Embodiment is to deliver oil intermittently but on each occasion to do so over a
predetermined short time interval but not to synchronise the start and end of
delivery with the position of the piston. If the quantity of oil delivered per oll
injection is small the penalty of delivering some of this oil directly into the
crankcase after the piston elongation 100 clears the lubricant supply port 12 may
be tolerable in terms of increasing hydrocarbon exhaust emission, particularly if
the engine sump is kept dry.

As shown in Figure 1, the lower part of the cylinder may be provided with a
circumferential channel functioning as a gutter 15 to collect any oil if found leaking
from the cylinder bore through the lower piston ring and such oil leakage may be
extracted from the crankcase through a piped passage 17.

The piston rings 41 and 42 are preferably respective stacks of two or more rings,
some of the rings being thin compared with the others. Ring gaps are positioned
at different circumferential locations in each stack in order to minimise oil leakage

through the gaps.

The operation of this invention is described by way of an example using figures.
The invention is particularly suitable to any two stroke engine which uses its
crankcase as an air pump. Figure 1 shows one possible two stroke engine
suitable for the use of this invention in which the fuel is injected into an indirect
combustion chamber 6, containing spark plug 9, by injector 11, as described in
patent  publication number WQO2005/052335 and also patent application
W02007/080366. This engine is known as the MUSIC engine, short for Merritt

Unthrottled Spark Ignition Combustion engine.
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The MUSIC engine is particularly suitable for the use of the current invention
since the air pumped through the crankcase does not contain either fuel or
lubricating oil and the lubrication of the piston requires a special provision which
avoids contamination of the air with oil. The MUSIC engine uses stratified charge
combustion which yields high thermal efficiency either in four stroke or in two

stroke embodiments.

In the illustration of a two stroke engine shown in Figure 1, an exhaust valve 43 is
used but two stroke engines using exhaust ports are also able to use the
lubrication system according to the First Embodiment of this invention. If
lubricating oil were to be mixed with the air in the crankcase some of it will
contaminate the exhaust gases with hydrocarbon emissions but the use of this
invention can reduce or even eliminate that. The lubrication of the main
crankshaft bearings and the big end bearings can be achieved in a way which
minimises the ingress of lubricating oil into the air in the crankcase, by the use of
rolling element bearings and possibly intermittent lubrication techniques.

Figure 1 does not show many details of the lubrication system, but these are
shown in Figure 2. Figure 2 illustrates the First Embodiment and is identified as a
two stroke engine by the gas transfer inlet ports 8. If these ports are omitted the
diagram can also represent a four stroke engine. Figure 2 shows piston 1 in
cylinder 2 at its outer dead centre position uncovering the gas transfer ports 8
which allow air to flow into the cylinder from the crankcase 35 through the gas
transfer duct 31 (Figure 1). The gas transfer duct 31 is used primarily to admit air
into the cylinder 2 prior to the commencement of the compression stroke. The gas
transfer duct 31 is shown only on one side of the cylinder in Figure 1 but it can
take an alternative form of a concentric annular space surrounding the cylinder or
as number of distinct ducts placed around the cylinder which connect the
crankcase with the gas transfer ports 8.
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One feature included in this invention which can be used in a two stroke engine
using the lubrication system according to this invention, particularly a ported two
stroke engine, is the non return valve 33, shown in Figure 1, in the form of a reed
valve, which is placed at the lower end of the gas transfer duct. The reed valve
33 opens when the piston moves towards its outer dead centre position to allow
air from the crankcase 35 to enter the gas transfer duct after the other reed valve
32, which admits air into the crankcase, closes. Reed valve 33 closes and reed
valve 32 opens when the piston move towards its inner dead centre position and
SO avoids subjecting the gas transfer duct 31 to the reduction of pressure
experienced in the crankcase during the air intake process when the second reed
valve 32 opens to allow air into the crankcase. It is understood that the use of
the non return or reed valve 32 to control air intake into the crankcase is standard
practice in the design of two stroke engines but the use of reed valve 33 to control
air flow into the gas transfer ducts is a feature which can improve the current
invention by reducing the likelihood of the suction of lubricating oil from the
longitudinal lubricant delivery groove 114 and the longitudinal lubricant return
groove 214 into the gas transfer ports 8 when the crankcase 35 is under vacuum
during the compression stroke of the piston. Moreover the reed valves 33 can
promote a positive pressure in the gas transfer duct 31 throughout the engine
cycle and this can help reduce or even eliminate oil suction into the gas transfer
ports 8. The lubrication system described in this invention promotes the coating of
the piston’s surface with lubricating oil and this may be scraped into the gas
transfer inlet ports 8 when the piston’s skirt moves over them. Without non return
valve 33 such scraped oil may be sucked into the transfer ports during the
compression stroke when the ports may experience sub atmospheric pressure
and the purpose of valve 33 is to avoid this happening.

A further advantage offered by non return valve 33 is the removal of the
substantial volume contained in the gas transfer duct 31 from the total volume of
the crankcase 35 during the induction stroke experienced by the crankcase, which
coincides with the compression stroke experienced in the cylinder. This enhances
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the pressure reduction in the crankcase and increases the volume of air inhaled
into the engine.

The lubrication of the longer cylindrical piston referred to in relation to the First
Embodiment is explained with the aid of Figure 2. The piston 1 has an upper
piston ring 41 and a lower piston ring 42 situated on either side of the gudgeon pin
and a circumferential lubricant groove 14. It is also shown with both a longitudinal
lubricant delivery groove 114 and a longitudinal lubricant return groove 214 which
represent a preferred option. The cylinder bore has a lubricant supply port 12
facing the longitudinal lubricant delivery groove 114, so that the supply of oil into
the longitudinal lubricant delivery groove 114 can take place wherever the piston
happens to be along its stroke. The cylinder bore has a lubricant return port 125
facing the longitudinal lubricant return groove 214, shown as preferred option, so
that oil return into the return port 125 can take place wherever the piston happens
to be along its stroke. Therefore a continuous oil circuit exists starting from the
lubricant dispensing means 25, through the lubricant supply port 12 into the
longitudinal lubricant delivery groove 114 in the piston, into the circumferential
lubricant conduit 14 wherefrom it returns through the longitudinal lubricant return
groove 214 and into the lubricant return port 125 situated in the cylinder wall. The
oil is piped from the lubricant return port 125 into a lubricant retrieval means
preferably a vacuum pump, not shown, which sucks the oil as it returns from the
cylinder creating a reduced pressure at the lubricant return port 125. The size of
the lubricant supply port 12 ensures that the suction applied at return port 125
maintains a low pressure, preferably a sub atmospheric pressure, along the oil
grooves circuit described above and in doing so avoids oil seeping from the piston
grooves into the gas transfer ports 8.

The operation of the lubricating system according to this invention is possible,
without the provision of the longitudinal lubricant delivery groove 114 and the
longitudinal lubricant return groove 214. Such operation will benefit from
intermittent oil delivery from the lubricant dispensing means 25. In this case the

delivery of oil from the lubricant supply port 12 will be impeded during most of the
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piston’s stroke when the port 12 faces the piston’s skirt with only a small
clearance available to receive any oil. However when the piston reaches its inner
dead centre position both the lubricant supply port 12 and the lubricant return port
125 face the circumferential lubricant conduit 14 at the same time so that
momentarily there will be a direct flow path for the oil between the two holes via
the circumferential conduit 14. This may in some engines suffice to provide oil for
the lubrication of the piston. Such an arrangement may be very suitable for a four
stroke engine. However, in the case of a two stroke engine, the absence of the
axial grooves may cause oil to be smeared around the cylinder wall and enter the
transfer ports 8 when the piston is moving, whereas if both longitudinal lubricant
grooves 114 and 214 are present they can channel this oil away from the transfer
ports 8, particularly when reduced pressure is applied to the interconnected
grooved system from the port 125 and when the pressure applied to the port 12 is

minimised.

The lubrication of the complete piston circumference occurs as the circumferential
lubricant conduit 14, which may be full of oil, moves up and down along the
cylinder bore. This smears oil on the cylinder bore which in turn wets the piston
skirt as it moves along the bore during subsequent cycles. The upper and lower
piston rings ensure that the oil circulating through the grooves in the piston
remains trapped between the rings as the piston moves during the cycle and the
rings also control the thickness of the oil film remaining on the cylinder wall after
the piston rings have moved elsewhere.

It is advisable that the lubricant supply port 12 is placed on the thrust face of the
cylinder, which experience a side force during the expansion stroke preferably at
its centre, and that the lubricant return port 125 is positioned on the opposite side

of the cylinder, preferably 180 degrees away.

Figure 3 and Figure 4, which are applicable to both two stroke and four stroke
engines, illustrate two cross sectional views at ninety degrees to each other when

the piston is at its outer dead centre position, having uncovered the gas transfer
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ports 8 of the two stroke engine shown. The illustration applies to the engine
described above as the Second Embodiment. If a two stroke engine is provided
with an exhaust valve instead of exhaust ports there is no need to separate the
two types of ports using the piston’s skirt. Indeed the inlet air ports 8 can
communicate with the crankcase 35 throughout the engine cycle and the piston
need not be shaped as a complete cylinder and can be made much shorter, as is
standard practice now with four stroke engines. The gas transfer ducts can be
much shorter, indeed they can be carved into the cylinder liner at the appropriate
location and can be made to avoid the thrust face of the piston to minimise oil
entrainment. In this Second Embodiment it is not possible to allow oil to flow
continuously through grooves in the piston throughout the engine cycle because
the length of the longitudinal lubricant delivery groove 114 and the longitudinal
lubricant return groove 214 cannot extend to the length of the piston’s stroke. The
distance between the upper piston ring 41 and lower piston ring 42, within which
the lubricating oil is trapped, is shorter than the piston’s stroke. Consequently, in
order to ensure that oil is delivered to the piston the delivery must take place over
a predetermined time interval which starts and ends when the piston reaches a
certain position in the cycle, for example in a manner similar to the delivery of fuel
to a diesel engine. To maximise the duration of lubricating oil injection through
the lubricant dispensing means 25, it should start when the circumferential
lubricant conduit 14 reaches the position opposite the lubricant supply port 12
during the expansion stroke. Qil delivery continues when the piston reaches its
outer dead centre position when the top end of the longitudinal lubricant delivery
groove 114 will be opposite the lubricant supply port 12 and then continues during
the early part of the compression stroke until the circumferential lubricant conduit
14 is opposite the lubricant supply port 12 when oil delivery should stop.

The same piston positions also apply to the lubricant return port 125 and the
longitudinal lubricant return port 214 but the lubricant retrieval means 126 in
Figure 2 can be allowed to operate without interruption particularly if it is restricted
by a suitable orifice.
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As mentioned earlier, oil delivery can be made intermittently, separated by a
number of engine cycles, to suit the piston’s lubrication requirement. It may be
possible to deliver oil intermittently over a duration of a number of engine cycles
without regard to the piston’s position at the start and end of delivery as this will
only result in the intermittent delivery of some oil into the crankcase in small
quantities when the piston does not obscure the lubricant supply port 12. This

may not contribute a great amount to harmful exhaust emissions.

In summary this invention seeks to provide a very reliable and effective piston
lubrication method for all reciprocating engines operating on either the two stroke
or the four stroke cycles. The application to two stroke engines is attractive in that
it offers the additional advantage of minimising the contamination of air used in
combustion with lubricating oil when the crankcase is used as an air pump. The
application to four stroke engines allows such engines to run with oil free sumps
whilst ensuring reliable piston lubrication particularly when subjected to unusual

operational conditions.
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CLAIMS

An internal combustion reciprocating engine comprising;

a piston reciprocating in a cylinder comprising piston crown and piston skirt;
a connecting rod attaching the piston to a crankshaft rotating in a crankcase;
at least one lower piston ring;

at least one upper piston ring located between the lower piston ring and the
piston crown;

a lubricant dispensing means to deliver lubricant to the piston;

a lubricant supply port situated on the cylinder wall, communicating with the
lubricant dispensing means;

a lubricant retrieval means provided to extract from the cylinder surplus
lubricant delivered by the lubricant dispensing means;

a lubricant return port situated on the cylinder wall, communicating with the
lubricant retrieval means;

characterised in that a circumferential lubricant conduit is provided in the
piston’s outer surface, between the at least one lower piston ring and the at
least one upper piston ring, the lubricant conduit being positioned to
communicate simultaneously with both the lubricant supply port and the
lubricant return port during at least a portion of the duration of the piston’s

movement along its stroke.

An engine according to claim 1 operating on the two stroke cycle comprising
at least one gas transfer inlet port situated in the cylinder wall to allow air to
enter the cylinder when the piston is near its outer dead centre position.

An engine according to claim 2 comprising at least one gas transfer duct

connecting the crankcase with the at least one gas transfer inlet port.

An engine according to claim 1 which is provided with a longitudinal lubricant
delivery groove which communicates with the circumferential lubricant

conduit and is situated in the piston’s outer surface substantially parallel with
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the longitudinal axis of the cylinder to face the lubricant supply port during at
least a portion of the piston’s movement along its stroke.

An engine according to claim 4 wherein the longitudinal lubricant delivery
groove communicates with the lubricant supply port during the complete
stroke of the piston.

An engine according to claim 1 which is provided with a longitudinal lubricant
return groove which communicates with the circumferential lubricant conduit
and is situated in the piston’s outer surface substantially parallel with the
longitudinal axis of the cylinder to face the lubricant return port during at
least a portion of the piston’s movement along its stroke.

An engine according to claim 6 wherein the longitudinal lubricant return
groove communicates with the lubricant return port during the complete

stroke of the piston

An engine according to claim 1 wherein the lubricant supply port is situated
on the thrust face of the cylinder bore and the lubricant return port is situated

diametrically opposite the lubricant supply port.

An engine according to claim 1 wherein the lubricant retrieval means applies

a sub atmospheric pressure to the lubricant return port.

An engine according to claim 3 wherein a one way valve is situated at the
crankcase end of each gas transfer duct to allow the flow of air from the
crankcase into the gas transfer duct when the piston moves during its
expansion stroke but to prevent the transfer duct from experiencing sub
atmospheric pressure when the piston moves during its compression stroke

and the crankcase is experiencing sub atmospheric pressure.
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An engine according to claim 1 wherein the lubricant supply port is restricted
by an orifice whereby to control the quantity of lubricant flowing through it.

An engine according to claim 1 wherein the lubricant dispensing means

delivers lubricant intermittently at predetermined intervals.

An engine according to claim 1 wherein the lubricant dispensing means
deliverslubricant over a predetermined crank angle synchronised with the
position of the piston along its stroke.

An engine according to claim 1 wherein the lower end of the cylinder is fitted
with a circumferential channel or gutter to collect lubricant leakage and

deliver it to a lubricant extraction means.

An engine according to claim 1 wherein the internal combustion engine is

constructed using the spark ignition method for the initiation of combustion.

An engine according to claim 1 wherein the internal combustion engine is
constructed using the compression ignition method for the initiation of

combustion.
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