
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property 

Organization 
International Bureau

(43) International Publication Date 
30 May 2014 (30.05.2014) WIPO I PCT

lllllllllllllllllllllllllllllllll
(10) International Publication Number

WO 2014/078894 Al

(51) International Patent Classification:
F02B 25/08 (2006.01) F02B 75/32 (2006.01)
F02B 75/24 (2006.01) F02B 37/00 (2006.01)

(21) International Application Number:
PCT/AU2013/001340

(22) International Filing Date:
21 November 2013 (21.11.2013)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
2012905081 22 November 2012 (22.11.2012) AU

(71) Applicant: SCALZO AUTOMOTIVE RESEARCH
PTY. LTD. [AU/AU]; 26 Florence Avenue, Kew, Victoria 
3101 (AU).

(72) Inventor: SCALZO, Joseph; 26 Florence Avenue, Kew, 
Victoria 3101 (AU).

Illlllllllllllllllllllllllllllllllllllll̂ 
LVH

SSiO
/H

O
ZO

M

(74) Agent: SCALZO, Joseph; 26 Florence Avenue, Kew, Vic
toria 3101 (AU).

(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, BN, 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, IR, IS, JP, KE, KG, 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, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, 
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, RW, SD, SL, SZ, TZ, 
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, 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, RS, SE, SI, SK, SM,

[Continued on next page]

(54) Title: INTERNAL COMBUSTION ENGINE WITH ASYMMETRIC PORT TIMING

A B

FIG 3
B

(57) Abstract: An internal combustion engine enabling asymmetric port tim
ing has an engine mechanism including a crankshaft having a crankpin to 
which each piston of an opposed pair of pistons is connected and by which 
the pistons are reciprocatable in a respective one of axially inline cylinders. 
The mechanism also includes a crosshead having opposite ends on each of 
which a respective piston is mounted, and a coupling between the crosshead 
and the crankpin by which the pistons are caused to oscillate circumferen
tially as the pistons are driven to reciprocate.



wo 2014/078894 Al IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIH
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

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



WO 2014/078894 PCT/AU2013/001340

Title of Invention

INTERNAL COMBUSTION ENGINE WITH ASYMMETRIC PORT TIMING

Technical Field

[1] The present invention relates generally to two-stroke internal combustion 

engines, and more specifically to a crank-piston mechanism to allow the piston to 

generate an elliptical motion within the cylinder as it moves from top dead centre to 

bottom dead centre. This elliptical motion of the piston allows asymmetric port timing 

to be achieved, an essential requirement for a highly efficient two-stroke internal 

combustion engine.

Background of Invention

[2] In a ported two-stroke IC engine the piston serves to open and close the 

inlet and exhaust ports located circumferentially in the cylinder. One or more of these 

ports provide passage for a fresh charge of air or air/fuel mixture to the cylinder and 

one or more other ports provide exhaust of the combusted gases. The inlet ports and 

the exhaust ports are arranged around the cylinder so that on the downward 

movement of the piston the exhaust ports are uncovered first to allow the high 

pressure gases to escape to the atmosphere via exhaust pipes to achieve blow-down. 

On further downward motion of the piston the inlet ports are uncovered to allow fresh 

charge of pressurized air or air/fuel mixture to be delivered to the cylinder for 

combustion after undergoing a compression cycle. The pressurized gases also serve 

to force combusted gases from the cylinder, a process known as scavenging.

[3] In conventional two-stroke IC engines, the opening of the exhaust ports 

and the inlet ports is symmetrical which means that the exhaust ports open first 

followed by the opening of the inlet ports on the downward movement of the piston, 

however on the upward movement of the piston the inlet ports close first followed by 

the closure of the exhaust ports. This action allows some of the pressurized fresh air 

or air/fuel mixture to escape while the exhaust port is open. This process prevents the 

two-stroke IC engine from being able to be supercharged or turbocharged.
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[4] Modern engines are required to be fuel efficient as well as low in exhaust 

emissions and for two-stroke engines to be successful in fulfilling these two criteria it 

is important to achieve asymmetric port timing. This means that the exhaust port must 

open first for the blow-down process, followed by the opening of the inlet port for the 

scavenging and charging process. During the upward motion of the piston, the 

exhaust port closes first to prevent fresh charge from escaping after the scavenging 

has been completed, followed by the closure of the inlet port. The period between 

exhaust port closure and inlet port closure is used to complete the charging cycle and, 

if desired, provide supercharging. It is further desirable to provide the scavenging and 

charging by the use of a engine driven air blower commonly known as a 

supercharger. In addition, this will allow the engine to have a wet sump in a similar 

manner to a four stroke IC engine.

[5] There are various known forms of achieving asymmetric port timing in two- 

strokes. However these generally involve complex arrangements such as that 

described in US Patent 63170,443 in which two opposed pistons operate in one 

cylinder with each piston phased with respect of the other such that one piston 

uncovers the inlet port while the other piston uncovers the exhaust port. Another 

opposed piston engine is the Junkers Jumo engine in which two crankshafts were 

used on either end of the engine and coupled together by chains or gearing slightly 

out of phase with each other to achieve the port asymmetry. Similar arrangements 

were used in the Napier Deltic and Rootes two-stroke engines. Another form used a 

combination of ports and poppet valves for the inlet and exhaust respectively. Other 

forms include the U-cylinder, the sleeve valve arrangement and opposed cam 

engines. In each of these alternative arrangements additional complex mechanisms 

contribute to additional friction losses and bulk negating the benefits of two-stroke 

engines.

Summary of Invention

[6] It is the object of the present invention to provide an opposed cylinder 

mechanism suited for a two-stroke IC engine but also adaptable for use in a four- 

stroke internal combustion engine.
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[7] Accordingly, the present invention provides an engine mechanism that 

includes a crankshaft having a crankpin to which each piston of an opposed pair of 

pistons is connected and by which the pistons reciprocate in a respective one of 

axially inline cylinders. The mechanism further includes an elongate crosshead having 

opposite ends on each of which a respective one of the pistons is mounted, and a 

coupling between the crosshead and the crankpin by which the pistons are caused to 

oscillate circumferentially as the pistons are driven to reciprocate.

[8] The coupling between the crosshead and the crankpin can take a variety of 

forms, depending in part on the form of the crankshaft. The coupling may be provided 

by a member that is fitted on, and able to move along, the crankpin. In one form, the 

member may be in the form of a yoke through which the crankpin extends, with a 

bearing provided between a bore through the yoke and the crankpin. For a crankshaft 

able to be supported for rotation by a shaft section beyond each end of the crankpin,
X

the yoke may be of a two-part form enabling it to be fitted onto the crankpin. However, 

with a crankshaft that it is supportable for rotation by such a shaft section at only one 

end of a crankpin defining one end of the crankshaft, the yoke can be of one piece 

construction and define a bore into which the crankpin can be received endwise. 

However, there are still other forms that a member providing the coupling between the 

crosshead and the crankpin can take. Principle requirements for that member are that 

it be reversibly moveable along the crankpin and that it engages the crosshead so as 

to be reversibly rotatable relative to the crosshead on an axis that is parallel to and 

laterally offset from an axis along which the pistons reciprocate. Thus, for example, 

with a crankshaft having a crankpin rotatable on its own axis as the crankshaft 

rotates, the member providing the coupling between the crosshead and the crankpin 

could be of a form having an elongate body portion which extends through a 

longitudinal slot in the crankpin and which has opposed ends by which it bears 

against complementary surfaces of the crosshead to enable relative rotation, between 

the coupling member and the crosshead, on an axis parallel to and laterally offset 

from the axis on which the pistons reciprocate.

[9] An engine mechanism according to the invention may utilise a crankshaft, 

such as a single throw crankshaft, on which at least one opposed pair of pistons is 

rigidly or flexibly connected, forming an offset crosshead, with the pistons journalled
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The yoke member may engage with the crosshead via spherical, conical or flat 

bearing surfaces. The offset crosshead-yoke geometry imparts a partial rotary motion 

to the pistons as they reciprocate in opposed cylinders on a common same axis. The 

overall motion of the pistons resulting from the partial rotary motion as the pistons 

reciprocate produces an elliptical path for each piston in the respective cylinder. As a 

consequence, the arrangement can be adapted to provide or control opening and 

closing of charging and exhaust ports of each cylinder such that asymmetric port 

timing is can be developed. Asymmetric port timing has the important advantage of 

making it possible to utilize superchargers, with or without the assistance of 

turbochargers, to enhance engine efficiency, a benefit that has long been sought after 

for two-stroke engines.

[10] A multi cylinder engine having multiples of two in a boxer formation can be 

produced. Each configuration requires a different balancing arrangement. In a two 

cylinder opposed engine force balancing is required in the plane of the cylinders, In 

this configuration two balance shafts, running at engine speed but in opposite 

direction, are positioned in a plane perpendicular to the cylinder plane and create 

substantially perfect balance. In a four-cylinder configuration, for example, only one 

balance shaft is required to counteract the couple unbalance in the one plane. The 

detailed description of the invention covers the balancing requirement for each 

configuration. However, in certain applications and with carefully designing of the 

piston masses and the portion crosshead together with the yoke member, balance 

shafts may nor be necessary, particularly in small capacity engines.

[11] Although this invention is primarily orientated towards two-stroke engines, 

the mechanical arrangement between the pistons and the crankshaft can also be 

applied to four stroke engines combined with the appropriate head containing poppet 

valves and camshaft drive.

[12] A two-stroke IC engine according to the invention is able to have 

comparable performance characteristics to current four stroke engines of comparable 

size. However, the two-stroke IC engine is able to achieve these comparable 

characteristics with improved benefits in increased efficiency, reduced size and lower 

weight. At least in preferred forms, the invention enables the adaptability of advanced
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supercharging and direct fuel injection systems, substantially total dynamic balance, 

and mechanical simplicity for reduced production costs.

[13] To facilitate attainment of asymmetric port timing, the pistons are provided 

with a modified crown formation that functions in combination with the elliptical piston 

movement. In one arrangement, the formation includes or comprises a segmented 

skirt formation projecting beyond the crown, provided around the perimeter of the 

crown to form two arcuate, circumferentially spaced skirts. The skirts are at opposite 

sides of the crown, but one may be of lesser arcuate extent than the other. One skirt 

may have an arcuate extent of about 140 to 170 degrees, with the other skirt having 

an arcuate extent of about 70 to 85 degrees, although the skirt of lesser arcuate 

extent can be eliminated in many applications. The crown has a pair of opposed 

openings, each between a respective one of two sets of circumferentially nearer ends 

of the shirts. The opposed openings may be of similar arcuate extent. One of the 

openings is an inlet That co-operates with the inlet port, while the other opening is an 

outlet and co-operates the exhaust port. The height of the skirts is governed by the 

asymmetric characteristics required for the engine. Inwardly from the skirts, the crown 

may have a deflector bar which extends across the ends of the shirts between which 

the inlet opening is formed, with the bar having a height sufficient to deflect incoming 

air from any scavenge pump fitted to the engine.

[14] An engine according to the invention also may be configured by with a 

power piston on one side, and a compressor piston on the opposite side, to eliminate 

the need for a separate engine driven supercharger. In that configuration, the outlet 

of the compressor is linked to the inlet of the power cylinder via an air duct. The 

compressor piston may be of a larger diameter than the power piston to provide 

supercharging. Thus, one of the opposed pair of pistons may be operatable as a 

power piston and the other piston of the pair is operatable as a compressor piston, 

such as with the compressor piston having a cylinder of larger bore size than the 

cylinder of the power, piston, and the compressor cylinder optionally having an inlet 

port and an outlet port with each of the ports of the compressor cylinder controlled by 

reed valves. In such an arrangements, the wherein compressor cylinder during an 

induction stroke may have its inlet port open to atmospheric air and its outlet port 

closed, and during a compression stroke its inlet port may be closed and its outlet port



WO 2014/078894 PCT/AU2013/001340

6

which compressed air is able to be transferred to the inlet port of the power cylinder, 

with the duct having a volume enabling it to act as an accumulator of compressed air 

after the inlet port of the power cylinder closes.

Brief Description of Drawings ,

[15] Preferred embodiments of the present invention will now be described with 

reference to the accompanying drawings in which:

[16] Figure 1 is an external representation of a first embodiment of a two 

cylinder opposed two-stroke IC engine configuration of the present invention;

[17] Figure 2 is a partially sectioned perspective view of the engine of Figure 1 ;

[18] Figure 3 is a cross-section of the engine of Figure 1;

[19] Figures 4 to 7 are isometric views of respective components of the engine

of Figure 1; *

[20] Figure 8 is a cross-sectional view of a sub-assembly for an engine 

mechanism according to a second embodiment of the invention;

[21] Figures 8a, 8b and 8c are isometric views of respective components of the 

engine of Figure 8;

[22] Figure 9 is a cross-sectional view of sub-assembly for an engine 

mechanism according to a third embodiment of the invention;

[23] Figure 9a is an isometric cross-section of the sub-assembly of the engine 

of Figure 9;

[24] Figure 9b is an isometric view of a component of the engine of Figure 9;

[25] Figure 9c is an isometric cross-section of the sub-assembly shown in 

Figure 9a;

[26] Figures 10 to 13 are rear views of an engine according to the invention, 

showing positions of components at successive 90 degrees intervals in a firing cycle;
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[27] Figure 14 is a graphical representation of preferred operation with a 

preferred form of engine according to the invention;

[28] Figure 15 shows a four cylinder two-stroke engine according to a fourth 

embodiment of the invention;

[29] Figure 16 is an isometric cross-section of an engine according to a fifth 

embodiment of the invention;

[30] Figure 17 is an isometric perspective view of a component of the engine of 

Figure 16;

[31] Figure 18 is an isometric perspective view of unassembled components for 

a sixth embodiment of a two-stroke engine according to the invention;

[32] Figure 19 is an isometric cross-section of the components of Figure 18, 

after assembly;

[33] Figure 20 corresponds to Figure 19, but shows assembled components of 

a variant of the arrangements of Figure 18 for a seventh embodiment of a two-stroke

x engine according to the invention;

[34] Figure 21 is a cross-sectional view of a eighth embodiment of a two-stroke 

engine according to the invention; and

[35] Figure 22 corresponds to Figure 21, but shows he engine of the eighth 

embodiment in a different positioning.

Detailed Description

[36] Figure 1 illustrates the external arrangement of engine 10 according to a 

first embodiment of the present invention. The engine 10 has a crankcase 12 on 

which two cylinders 14 and 16, with integral heads, are mounted on opposite faces 18 

and 20 respectively in a horizontally disposed boxer arrangement. A front cover 22 

encloses balance gears (not shown) and seals a crankshaft 24. A blower or 

supercharger 26 is mounted in a suitable position to allow air charging via a bifurcated 

manifold 28 to a respective inlet port 30 and 32 of cylinders 14 and 16. The 

supercharger 26 has a drive shaft 34 which could normally be driven bv the
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crankshaft 24 of engine 10, via a belt or chain (not shown). However, instead of such 

drive, an electric motor or a hydraulic motor could be used for independent drive for 

shaft 34. An oil sump 36 completes the envelope for engine 10. A sparkplug 38 and 

direct fuel injector 40 is fitted to the head of each cylinder 14 and 16.

[37] Figures 2 to 7 in combination illustrate the internal drive assembly and the 

major components of engine 10. These Figures show crankshaft 24 journalled in the 

crankcase 12 by journal bearings 42 and 44 and axially located by thrust bearings 46 

and 48 against crankcase 12. A split yoke 50 with an outer spherical bearing surface 

52 is journalled on the crankpin 54 of crankshaft 24. The parts 50a and 50b of yoke 

50 are joined on a parting plane by pins (not shown) inserted into aligned bores 50c of 

parts 50a and 50b. The yoke 50 is both rotatable on and slideable along a crankpin 

54 of crankshaft 24, via bearing 56. Yoke 50 is a neat fit within a two-part crosshead 

58 that has a centrally located spherical mating surface 60 that is complementary to 

the spherical surface 52 of yoke 50. Pins 62 and 64 couple yoke 50 and crosshead 

58, and allow pivoting of the yoke 50 relative to the crosshead 58 along axis A-A 

parallel to and offset from the centre-line axis B-B of engine cylinders 14 and 16 by a 

distance X. Pins 62 and 64 may be fixed on opposite ends of crosshead 58 and 

journalled into the pin connection 66 and 68 of yoke 50. The axis A-A is in a plane 

parallel to axis B-B, and also perpendicular to crankpin 54.

[38] In one arrangement, the yoke has a spherical outer surface and be 

receivable into a cavity of complementary spherical form defined by the crosshead. In 

that arrangement, the yoke may be receivable sideways into the cavity, with the yoke 

then rotated as required for alignment of the bore of the yoke with the crankpin.

[39] Crosshead 58 has oppositely extending arms 70 and 72 on each of which 

a respective piston 74 and 76 is mounted. Each of pistons 74 and 76 is mounted in 

opposed relation to each other via a respective gudgeon pin 78 and 80 pivotally 

linking the outer end of each arm with a respective mounting block 82 and 84 fixed on 

piston 74 and 76. The axes of the gudgeon pins 78 and 80 are parallel to each other 

and perpendicular to the axis of the crankshaft 24. The gudgeon pins 78 and 80 and 

the connection to the pistons 74 and 76 respectively allow for any distortion or 

bending of the crosshead during the power stroke in a plane perpendicular to the
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crankshaft 24, and prevent excessive loads being placed on the skirts of pistons 74 

and 76.

[40] Each piston 74 and 76 has a crown 86 of a form seen most clearly for 

piston 74 in Figure 7. The periphery of crown 86, for each of pistons 74 and 76, has 

two diametrically opposed, arcuate skirts 88 which have a height above crown 86 that 

is governed by asymmetric characteristics that are desired in an engine. The 

arcuately shorter of the two skirts 88 may be eliminated in certain designs, as 

described later herein and shown in Figure 18. Between skirts 88 there is an inlet slot 

90 and, diametrically opposed to slot 90, an exhaust slot 92. Also, radially inwardly 

from and across slot 90, crown 86 has a deflector bar 94 which is shown as 

semicircular, although it can be of other elongate forms, such as linear. The bar 94 is 

placed opposite the inlet port 90 to deflect the incoming air supply from the scavenge 

pump (supercharger) 26 to assist in scavenging the exhaust gases and in charging 

the respective cylinder with fresh air. The skirt 88 on either side of slots 90 and 92 can 

have different heights depending on the asymmetric characteristics desired.

[41] In operation, each of pistons 74 and 76 has a stroke determined by the 

throw of the crankpin 54 from the axis of crankshaft 24. The pistons 74 and 76 are 

connected by crosshead 58 and oscillate in their respective cylinders 14 and 16 in 

unison along axis B-B. The motion of the pistons 74 and 76 is transferred to the 

crankshaft 24 via the yoke 50 and by the offset X between the axis B-B and the axis 

A-A of yoke 50. This motion creates a symmetrical elliptical path of the pistons 74 and 

76 as they move from their top dead centre to bottom dead centre positions. In effect, 

the pistons 74 and 76 oscillate circumferentially around the axis B-B through an angle 

determined by the offset X as they complete a cycle of reciprocation along axis B-B. 

This motion allows the each inlet slot 90 of each piston 74 and 76 to sweep both 

rotationally and linearly move over the inlet ports 30 and 32 and, similarly allows the 

outlet slot 92 to sweep both rotationally and linearly over a respective exhaust port 96 

and 98 located at the lower portion of the cylinders 14 and 16. The positioning of the 

inlet and exhaust ports 30 and 96 of cylinder 14 in relation to the positioning of the 

piston slots 90 and 92 are chosen to enable the two-stroke engine 10 to achieve the 

desired asymmetrical port timing and thereby achieve optimum fuel economy and 

increased power output. The desirable asymmetrical port timing enables the exhaust
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of the inlet ports on the downward path of the piston. On the upward path of the 

piston, the exhaust ports close first followed by the closure of the inlet port. This 

action assures that the cylinders are able to be fully charged with air and makes it 

possible for the engine to be supercharged. Direct fuel injection can then be applied 

and ignited from the spark plug via a conventional engine management system.

[42] The asymmetrical port timing is further explained by reference to Figure 13.

[43] Figures 8, 8a, 8b and 8c illustrate a sub-assembly 99 for a two-stroke 

engine according to a second embodiment of the invention. The overall detail of sub

assembly 99 will be understood from the description in relation to engine 10 of the 

preceding Figures The principle difference in sub-assembly 99, compared with 

corresponding components of engine 10, is in an alternative arrangement for the 

piston connection to the crankshaft 24 and for the form of the crosshead and yoke. In 

other respects, an engine according to the second embodiment can be the same as in 

engine 10.

[44] In sub-assembly 99, pistons 100 and 102 are rigidly connected, such as by 

bolts, to the two-part symmetrical crosshead 104 on a respective pair of posts 106 

and 108, along axis C-C on which pistons100 and 102 reciprocate. The crosshead 

104 has an opposed pair of offset female conical surfaces 110 which are spaced from 

each other with their axes co-incident with an axis D-D that is parallel to and offset 

from an axis C-C along which pistons 100 and 102 are able to reciprocate. The 

surfaces 110 mate with a oppositely facing, complementary conical surfaces 112a of 

two part conical yoke 112 so that the yoke 112 is rotatable relative to crosshead 104. 

The conical yoke 112 is journalled on crankshaft 24 by bearing 114 that is rotatable
.«·

on and able to slide along crankpin 68. A shaped opening 116 on one side of the 

crosshead allows clearance for the bent extension 118 of crankshaft 24 as the 

crosshead 104 swings vertically and horizontally through on revolution of the 

crankshaft 24.

[45] The pistons 100 and 102 of sub-assembly 99 are similar to and functionally 

the same as pistons 74 and 76 of engine 10. The operation and benefits of an engine 

according to the second embodiment, based on the sub-assembly 99, are the same 

as for engine 10.
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[46] Figures 9a, 9b, 9c and 9d a sub-assembly 117 for a two-stroke engine 

according to a third embodiment to the present invention. Again, the overall detail will 

be understood from the description of engine 10. The principle difference compared to 

components of engine 10 is in an alternative arrangement for the piston connection to 

the crankshaft and for the form of the crosshead and yoke. In other respects, an 

engine according to the third embodiment can be the same as in engine 10.

[47] In the sub-assembly 117 for the third embodiment, pistons 120 and 122 are 

pin jointed to the respective arm 126 and 128 of two-part symmetrical crosshead 124, 

along axis E-E on which pistons 120 and 122 are able to reciprocate. The crosshead 

124 has an opposed pair of offset female cylindrical bearing surfaces 130 each 

rotationally mating with a respective one of oppositely extending stub axles 132a of 

two part yoke 132. Each stub axle 132a of yoke 132 has a part cylindrical surface 

complementary to a surface 130 of crosshead 124. The crosshead 132 rotationally 

mates with yoke 132 so as to be rotatable on and along axis F-F parallel to and offset 

from axis E-E by a distance X. The yoke 132 is journalled on crankshaft 24 by bearing 

134 that is able to rotate on and slide along crankpin 68.

[48] Figure 9c further illustrates a method of reinforcing the large opening 136 

of crosshead 124 to allow the swing of the bent extension 118 of crankshaft 24. To 

minimize the mass of the crossheads described in the second and third embodiment, 

crossheads 104 and 124 can be made from a lightweight material such as aluminium. 

However the periphery of the opening of crosshead 124 directly in line with the 

centreline of the piston motion axes C-C and E-E may need reinforcement by a 

stronger material such as steel or a titanium alloy. The reinforcement is provided by 

two steel tubes 138 and 140 inserted into a solid part of crosshead 124, 

perpendicularly to axis E-E, as shown. Two side-bars 142 and 144, that also can be 

made of steel, with integral pins 146 insert into the hollow section of tubes 138 and 

140, and attached to the side of the crosshead 124 by screws 148, complete a 

reinforcing "ring".

[49] Other combinations of spherical, conical and flat yokes and complementary 

mating surfaces of the crossheads may be used in engine embodiments or 

configurations according to the invention. Also, a variety of different arrangements
A.

can be used to Drovide connections between the Distons and crosshead.
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[50] Figures 2,4 and 10 to 13 illustrate balancing requirements for the opposed 

two cylinder boxer engines. The general requirement for this type of engine is for two 

balance shafts running at engine speed but in the opposite direction to the crankshaft, 

placed on opposite side of the crankshaft in a plane perpendicular to the plane of the 

piston movement.

[51] As shown in Figures 2,3 and 10, a gear 150 is fixed on the front of the 

crankshaft 24 and drives two other gears 152 and 154 of the same diameter. Gears 

152 and 154 are attached to respective balance shafts 156 and 158 and journalled on 

the crankcase (not shown) on the opposite side of crankshaft 24. Balance weights 

162 and 162 are integral with respective balance shafts 156 and 158. Crankshaft 24 

has integral balance weights 164 and 166 on opposite side of the crankpin 54. 

Balance weights 164 and 166 are designed to balance the effect of the crankpin 54 

and half of the balance required to offset the shaking force of the reciprocating 

components comprising of the yoke 50, crosshead 58, pistons 74 and 76, mounting 

blocks 82 and 84, gudgeon pins 78 and 80 plus any journal bearings, pinning or 

bolting elements that form part of the reciprocating assembly. It is to be noted that the 

shaking force acts along the axis B-B only and therefore the effect of the balance 

weights 164 and 166 must be cancelled when the crankshaft 24 moves 90 degrees 

away from axis B-B.

[52] Figures 10 to 13 depict the rotation of crankshaft 24 every 90 degrees in an 

anti-clockwise direction in the orientation seen in those Figures and show the 

positions of the balance weights on the crankshaft 24 and those of the balance shafts 

156 and 158. Figure 10 shows that when piston 74 is at top dead centre the combined 

force of the reciprocating components designated F4 is balanced by the combined 

force of the balance weights 160,162,164 and 166 represented respectively by F2, 

F3 and F1 (164 plus 166). Note that F1 represented by weights 164 and 166, is equal 

to F2 plus F3. Also balance weights 160 and 162 are of equal magnitude.

[53] With piston 74 at mid stroke and the crankshaft 24 rotated anti-clockwise 

by 90 degrees from the position of Figure 10, as shown in Figure 11, the reciprocating 

force F4 is zero and, accordingly, the effects of the balance weights must also be 

zero. In this position balance weights 160 and 162 have moved clockwise relative to 

balance weiahts 164 and 166 on crankshaft 24, and the net effect of F1-F2-F3 = zero.
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[54] With piston 74 at bottom dead centre and the crankshaft rotated a further 

90 degrees from the position of Figure 11, as shown in Figure 12, the reciprocating 

force F4 is at its maximum in the opposite direction. In this position balance weights 

160 and 162 have rotated a further 90 degrees clockwise and the direction of the 

balance forces F2 and F3 align with force F1 and counteract force F4.

[55] Figure 13 illustrates the piston 74 at mid-stroke after the crankshaft 24 has 

rotated a further 90 degrees from the position of Figure 12 and with the piston 74 at 

mid stroke. Again, the force F4 of reciprocating components is zero and force F1 is 

balanced by the combination of force F2 plus force F3.

[56] In some applications it is possible to eliminate the need for balance shafts 

while still achieving an acceptable level of unbalance if the mass of the crosshead

yoke interface approaches the combined mass of the two pistons.

[57] Figure 1 4 shows the true sinusoidal movement of each piston in an engine 

according to the present invention through one revolution of the engine and the 

opening and closing position of the inlet and exhaust ports. The elliptical movement of 

the piston and the positioning of the inlet and exhaust slots around the piston crown 

determine the opening and closing period of the inlet and exhaust ports. These 

positions are so designed to produce the opening of the exhaust ports ahead of the 

inlet ports on the downward movement of the piston, and for the exhaust port to close 

ahead of the inlet port on the upward movement of the piston. This condition is 

termed asymmetrical port timing and is a necessary feature for an efficient two-stroke 

engine.

[58] Figure 15 is a four cylinder version of the present invention engine 210 in 

which two complete engines as described in engine 10 are connected back to back, 

with the crankpins 368 of the respective crankshafts 324 displaced by 180 degrees. In 

this arrangemeht only one balance shaft 356 with balance weight 360 is required.

[59] Multi cylinder configuration can also be achieved with front-to-front 

attachment and further banks of cylinders.

[60] It is to be understood that although the present invention has been 

described with reference to two-stroke engines, the mechanism also can be applied to
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four stroke engines to produce compact boxer engine layouts. With such four stroke 

engines the associated heads with poppet valves and camshaft drives can be 

provided in a conventional manner.

[61] In a further embodiment, Figure 16 shows an engine 210 in which the 

crank 224 has a crankpin 226 that, via arms 236 of crosshead 230 and yoke 228, 

connect to the pistons 232 and 234, There are numerous structural method of 

achieving such connections, as evident from previous embodiments. A principal 

difference illustrated by Figure 16 is that the crankshaft 224, shown more fully in
r

Figure 17, is supported at only one end in crankcase 240. As seen in Figure 17, the 

crankshaft 224 has only the one journalled end section from which crankpin 226 

projects, and that end section is supported by two journal bearings 242 and 244 that 

are spaced apart to provide adequate support. In addition, the space between the two 

journal bearings 242 and 244 is used to provide drive gears to the two balance shafts 

in a similar manner to that described in engine 10.

[62] Further structural methods for the single sided embodiment of Figure 16 

are shown in Figures 18 to 20. Figures 18 and 19 show a one-piece crosshead 246 

coupled to a piston 248 by a gudgeon pin 250 in the normal manner. A similar piston 

(not shown) is attached on the opposite side. A one-piece annular yoke 252, that has 

a part spherical outer surface 252a, is inserted sideways, as shown, into a cavity 254 

of crosshead 246 via two slots 256 cut half-way into a part-spherical internal surface 

254a of cavity 254 of crosshead 246. Once the yoke 252 is inserted into the cavity 

254 of crosshead 246, yoke 252 then is rotated to align the bore 258 of yoke 252 with 

the crankshaft (not shown). In this position the yoke 252 is captured in spherical 

cavity 254 and allowed to move in all directions as required by the movement of the 

crosshead 246 in an engine.

[63] Figure 20 shows an alternative to the arrangement of Figure 19. The 

arrangement of Figure 20, like that of Figure 19, has a one-piece crosshead 262 to be 

coupled to two pistons (not shown). However, in this instance, the spherical yoke 252 

of Figure 19 has been replaced by a flat bearing yoke 260 able to move by the 

required angle and located into the crosshead 262 by pins 264 and 266.
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[64] In the further embodiment of Figures 21 and 22, there is shown an engine 

410 having a power piston 412 on one side and, on the opposite side, a compressor 

piston 414 that eliminates the need for a separate engine driven supercharger. The 

function of the power piston 412 is similar to the engine 10 described in Figures 1 to

7. The compressor piston 414 oscillates in a bore 416 and may be of a larger bore 

size to that of the bore of power piston 412. The head 418 of the compressor cylinder 

416 contains two ports 420 and 422. Port 420 is the inlet port and port 422 is the 

outlet port. The closing and opening of port 420 and of port 422 is controlled by reed 

valves 424 and 426, respectively.

[65] During the induction stroke, reed valve 424 at the inlet port 420 is open and 

reed valve 426 at the outlet port 422 is closed. Atmospheric air then is inducted (as 

shown by arrow A in Figure 22), via a suitable filter (not shown). During the 

compression stroke shown in Figure 21, reed valve 424 is closed and reed valve 426 

at the outlet port 422 is opened under the pressure of the compressed air. The 

compressed air is transferred to the inlet port 428 of the power cylinder430 by flow 

along duct 432 (as shown by arrow B). The volume inside the duct 432 also acts as 

an accumulator of compressed air after the inlet port 428 of the power cylinder 430 

closes. In this configuration a compact engine is configured without the use of an 

external scavenge pump and supercharger.

[66] The various embodiments described herein enable the provision of an 

opposed cylinder mechanism suited for a two-stroke internal combustion engine but 

also adaptable for use in a four stroke internal engine. In each case, the invention 

facilitates attainment of asymmetric port timing, while achieving this in a number of 

relatively simple arrangements that increase the range of uses for the engine.
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The claims defining the invention are as follows

1. An internal combustion having an engine mechanism including a crankshaft 

having a crankpin to which each piston of an opposed pair of pistons is 

connected and by which the pistons are reciprocatable in a respective one of 

axially inline cylinders, a crosshead having opposite ends on each of which a 

respective one of the pistons is mounted, and a coupling between the 

crosshead and the crankpin by which the pistons are caused to oscillate 

circumferentially as the pistons are driven to reciprocate.

2. The engine of claim 1, wherein the coupling between the crosshead and the 

crankpin is provided by a coupling member which is fitted on, and able to move 

along, the crankpin.

3. The engine of claim 2, wherein the coupling member is in the form of a yoke 

defining a bore through which the crankpin extends, with a bearing provided in 

the bore between the yoke and the crankpin.

4. The engine of claim 3, wherein the yoke is of a two-part form enabling it to be 

fitted onto the crankpin.

5. The engine of claim 3, wherein the yoke is of one piece construction and 

defines a bore into which the crankpin can be received endwise.

6. The engine of any one of claims 1 to 5, wherein the coupling between the 

crosshead and the crankpin is reversibly moveable along the crankpin and 

engages the crosshead so as to be reversibly rotatable relative to the 

crosshead on an axis that is parallel to and laterally offset from an axis along 

which the pistons are reciprocable.

7. The engine of any one of claims 1 to 6, wherein the mechanism has a
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pair of pistons is rigidly connected via an offset crosshead, with the pistons 

journalled on the crankshaft via a yoke member offset from the reciprocating 

axis the pistons.

8. The engine of any one of claims 1 to 6, wherein the mechanism has a 

crankshaft, such as a single throw crankshaft, on which at least one opposed 

pair of pistons is flexibly connected via an offset crosshead, with the pistons 

journalled on the crankshaft via a yoke member offset from the reciprocating 

axis the pistons

9. The engine of claim 7 or claim 8, wherein the yoke member engage with the 

crosshead via spherical bearing surfaces.

10. The engine of claim 7 or claim 8, wherein the yoke member engage with the 

crosshead via conical bearing surfaces.

11. The engine of claim 7 or claim 8, wherein the yoke member engage with the 

crosshead via flat bearing surfaces.

12. The engine of any one of claims 1 to 11, wherein the crosshead and the 

coupling are operable to impart a partial rotary motion to the pistons as they 

reciprocate in the inline cylinders whereby the overall motion of the pistons 

produces an elliptical path for each piston in the respective cylinder.

13. The engine of any one of claims 1 to 12, having a boxer arrangement of a 

plurality of pairs of inline cylinders each with a respective pair of opposed 

pistons connected to at least one crankpin of the crankshaft by a respective 

crosshead and coupling.

14. The engine of any one of claims 1 to 13, wherein the engine is operable in a 

two stroke mode.
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15. The engine of any one of claims 1 to 13, wherein the engine is operable in a 

four stroke mode.

16. The engine of any one of claims 1 to 15, wherein each piston has a crown has 

a formation which co-operates with inlet and exhaust ports to enable 

asymmetric port timing.

17. The engine of claim 16, wherein the formation includes a segmented skirt 

formation projecting beyond the crown, and providing two arcuate, 

circumferentially spaced skirts at opposite sides of the crown and opposed 

openings form an inlet and an outlet, with each opening between a respective 

one of two sets of nearer ends of the skirts.

18. The engine of claim 9, wherein the yoke is receivable sideways into a cavity 

defined by the crosshead and then rotated as required for alignment of the 

bore of the yoke with the crankpin.

19. The engine of any one of claims 1 to 18, wherein one the opposed pair of 

pistons is operatable as a power piston and the other piston of the pair is 

operatable as a compressor piston, such as with the compressor piston having 

a cylinder of larger bore size than, the cylinder of the power piston, the 

compressor cylinder optionally having an inlet port and an outlet port with each 

of the ports of the compressor cylinder controlled by reed valves.

20. The engine of claim 20, wherein compressor cylinder during an induction 

stroke has its inlet port is open to atmospheric air and its outlet port, and during 

a compression stroke its inlet port is closed and its outlet port is open under the 

pressure of compressed air, with the engine including a duct by which 

compressed air is able to be transferred to the inlet port of the power cylinder, 

with the duct having a volume enabling it to act as an accumulator of 

compressed air after the inlet port of the power cylinder closes.
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