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MECHANISM FOR VARYING CRANKSHAFT TIMING ON A BELT/CHAIN
DRIVEN, DUAL CRANKSHAFT OPPOSED-PISTON ENGINE

PRIORITY

{00011  This application claims the benefit of and prority o US application
81/810,258, filed in the US Patent and Trademark Office on 8 April 2013,

BACKGROUND

[0002] The subject matler relates to a dual-crankshall, cpposed-pision engine with
improvements for variable port timing. More parficularly, the subject matlter relates {o an
opposed-piston engine with two crankshafts coupled by a belt or chain, in which a timing
control mechanism acts against the bell or chain {0 vary the timing of port operations in
the engine.

{00031  In an opposed-piston engine, a pair of pistons is disposed for opposed sliding
motion in the bore of af least one ported cylinder. Each cylinder has exhaust and intake
ports, and the cylinders are juxtaposed and oriented with exhaust and intake ports
mutuatly aligned. Each port is constituted of one of more arays of seguences of
openings disposed circumferentially in the oylinder wall near @ respective end of the
cviinder. The engine includes two crankshafls rotatably mounted at respective exhaust
ends and infake ends of the cylinders, and each piston is coupled to a respective one of
the two crankshafis. In a belt (or chain)-driven, dual crankshaft, opposed-piston engine,
the two crankshafls are connected by a belt or chain. The reciprocal movements of the
pistons control the operations of the ports. In this regard, each port is located at a fixed
position where it is opened and closed by a respeclive piston at predetermined fimes
during sach cyde of engine operation. Those pistons that control exhaust port operation
are termed “exhaust pisions™ and those that control intake port operation are called

“intake pistons”.

[0004]  Typically in opposed-piston engines the exhaust piston is phased in relation to
the intake piston so as to enhance exhaust gas purging and scavenging during the later
partion of the power stroke.

[0008]  Piston phasing is normally fixed by positioning the exhaust piston connecting
rad at some advanced angle on the crankshaft to which it is connecled {"the exhaust

crankshaft’) ahead of the intake piston connecting rod position on the crankshaft fo
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which it is connected (the intake crankshaft™). in such a configuration, as the pistons
move away from top center (TC) positions after combustion, both ports {intake and
exhaust) are closed by their respective pistons. As the pistons approach botlom center
{BC)Y positions the exhaust port is opened first to begin exhaust gas purging and then the
intake port opens some preset lime laler to sllow pressurized air into the pyinder
chamber fo provide scavenging of the remaining exhaust gasses. As the pistons reverse
direction, the exhaust port closes first, allowing pressurized air info the cylinder chamber
through the still open intake port until it oo closes and a compression cycle begins.

[0006] H is desirable to be able to control port phasing in an opposed-piston engineg
by relying on changing piston phasing in such a way as to dynamically adapi port
opening and dlosing times to changing speeds and loads that occur during engine
operation.

SUMMARY

[0007]  This desirable objective is achieved in & belt (or chain)-driven, dual crankshaft,
opposed-piston engine by tensioning the belt or chain that connects the two crankshafls
by two or more {ensioners. By changing the position of the tensioners, the lengths of two
spans of the bell/chain are vaned and thus the phase between the crankshafts is vared,
Varving the phase between the crankshafls, in tumn, varies the inter-piston phasing.
thereby changing port phasing.

BRIEF DESCRIPTION OF THE DRAWINGS
[000B]  FIG. 1 is a schematic diagram of 3 dual crankshafl opposed-piston engine.

[0009] FIGS. 2A-2C are schematic Hlustrations of an interlinked craniishaft system of
a belt/chain drive, dual crankshafl, opposed-piston engine in which the two crankshafls
are connected by a belt or chain engaged by two idlers, showing variable crankshaft
phasing.

[0010]  FIGS. 3A-3C are schematic Hustrations of an interdinked crankshaft system of
a belt/chain drive, dual crankshall, opposed-piston engine in which the two crankshalls
are connected by a belt or chain engaged by four idlers, showing variable crankshaft
phasing.
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08111 FIG. 4 is a schamatic Hustration of an interlinked crankshaft system for a
belt/chain drive, dual crankshafl, opposed-pision engine showing output shaft integration
for the multi-idler configurations of FIGS. 2A-2C

{0012} FIG. § is a schematic illustration of an inferlinked crankshaft system for a
belt/chain drive, dua- crankshaft, opposed-piston engine showing oulput shaft integration
for the multi-idler configurations of FIGS. 3A, 3B, and 3C.

SPECIFICATION

[0013] FIG. 1 tlustrates a dual crankshaft opposed-piston engine 49 having at least
one ported cylinder §0. For example, the engine may have ong ported cylinder, two
ported cylinders, three porled cylinders, or four or more porled oylinders. Each cylinder
50 has a bore 52 and exhaust and intake porls &84 and 586 formed or machined in
raspective ends thereof, The exhaust and inlake ports 54 and 58 each include one or
more circurnferential arravs of openings in which adfacent openings are separated by a
solid bridge. In some descriptions, sach opening is referred to as a “port’; however, the
construction of a circumferential array of such “ponts™ is no different than the port
constructions shown in FIG. 1. Exhaust and infake pistons 80 and 62 are slidably
disposed in the bore §2 with their end surfaces 61 and 83 opposing one another, The
exhaust pistons 60 are coupled {0 a crankshaft 71, the intake pisions are coupled to the
crankshaft 72. Although the figure shows the engine 49 in an essentially vertical
orientation, this is for the sake of Hlustration only; in other aspects the engine could be
disposed in other orientations {han the vertical one showr.

[0014]  When the pistons 6C and 62 of a cylinder 50 are al or near thelr TC positions,
a combustion chamber is defined in the bore 52 between the end surfaces 61 and 83 of
the pistons. Fuel is injected directly into the combustion chamber through at least one
fuel injector nozzle 100 positioned in an opening through the sidewall of a eylinder 50

[00158] FIGE. 2A-2C and 3A-3C show a dual crankshafl, opposed-piston engine, such
as that shown in FIG. 1, egquipped with 2 belt {or chain} 100 that couples the crankshalfts
71 and 72, The beit 100 is engaged by spaced-apart tensioning idlers that are disposed
on respective sides of a straight line connecting the axes of the crankshafls. The
phasing between the crankshafts 71 and 72 is varied by controlling the movement of the
tensioning idiers so as o vary the tension in the bell 100, By changing the positions of
the tensioners, the lengths of two spans of the belt are varied and thus the phase
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between the crankshafls is varied. Varying the phase hetween the crankshafts, in tumn,
varies the inler-piston phasing. thereby changing port phasing of the opposed-piston
engine 48.

[0016]  As seen in FIGS. 2A-2C, a tensioning idler 104 acts against a first span of the
belt 100 and is spring-loaded in one direction indicated by the amrow so as o {ake up any
stack in the belt 100. A second tensioning idler 106 acts against a second span of the
belt 100. The second tensioning idler 108 is constituted of a pair of pulleys 108, 110
mounted at opposing ends of 8 pulley arm 112 pivoled at a point 114 fastened o the
engine structure. The pulleys are in rolling contact with opposite sides of the second
span of the belt 100, The pulley arm 112 is controlled by an actuator to pivot from one
position to another in a predetermined arc. As {he pulley arm 112 is pivoted, the pulleys
108 and 110 swing in opposing CW/CCW directions, thereby changing the length of
travel of the belt 100. The changes in the length of travel cause the phase between the
crankshafis to shift as indicated by the changes in position of the crankshaft iming lines
73 and 74.

{00177 As seen in FIGS. 3A-3C, two tensioning ilers 208 act against respective
spans of the belf 100. Each of the {ensioning idlers 206 is constituted of a pair of pulleys
208, 210 mounted at opposing ends of a pulley arm 212 pivoted at a point 214 fastened
to the engine structure. The pulleys are in rolling contact with opposite sides of the
respective spans of the belt 100, Each of the pulley anms 212 i controlled by an
actuator to pivot from one position to another in a predetermined arc. As a pulley arm
212 is pivoted, the pulleys 208 and 210 swing in opposing CW/CCW directions, thereby
changing the length of travel of the belt 100. The changes in the length of travel cause

ihe phass between the crankshafts to shift.

{0018]  With the layout shown in FIGS. 3A-3C, a bhelf tensioning idler 206 only needs
{o compensate for bell strefch and {o maintain the tension. A shorter {ensioning iller
motion range facllitates the design of this component. The belt tension would be
exercised between one side of the belt 100 and the other, instead of between the engine
block and the belt 100 as in the embodiment of FIGS. 2A-2C.

j0019] Culput shaft integration for the belt/chain drive, dugl crankshafl embodiment
of FIGS. 2A-2C is shown in FIG. 4, and output shall integration for the belt/chain drive,
dual crankshaft embodiment of FIGS. 3A-3C is shown in FIG. 5. Both of these figures
presumea that the crankshaft 71 is disposed above the crankshaft 72, and so, for ths

4
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purposes of these figures, the crankshaft 72 is referred o as the “lower” crankshaft. With
each embodiment the belt drive is located on the opposite end from wheve the engine is
connected to the crankshaft, sllowing for easy belt replacement if necessary. in soms
aspects, ¥ the engine power was connected to the lower crankshaft 72, the engine would
sit {oo high and would not package well, However, as per FIGS. 4 and 5, the output 15
taken from a gear idler 300 connected {o the lower crankshaft 72 which allows the
engine fo sit al the proper height and clear the vehicle components above the engine.

[0020] This last gear sel before the transmission can be manipulated {fo adjust the
output shaft speed with respect fo the crankshaft of the engine alfowing for further
integration flexibility with the vehicle.
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CLAIMS

1. A duab-crankshaft, opposed-piston engine (49}, including one or more ported cylinders
{50} that are judaposed and oriented with exhaust (54} and intake (88} ports mutually
aligned, a pair of crankshafts (71, 72}, each rotatably mounted at respective exhaust and
intake ends of the cylinders, a pair of pistons (80, 62} s disposed for opposed sliding
movement in the bore {52} of each cylinder, all of the pistons (80) controlling the exhaust
ports {54} being coupled by connecting rods to the crankshaft {71) mounted at the
exthaust ends of the oylinders, and all of the pistons (82) controlling the intake poris (58)
being coupled by connecting rods o the crankshaft (72} mounted at the intake ends of
the ocvlinders, characterized in that:

the two crankshaflts (71, 72) are connected by a belt or chain (100}, with
opposing tensioning idiers (104, 108), {208) operatively engaging opposing lengths of
the belt or chain, and at least ong tensioning wler includes a pair of pulieys (108, 110},
{208, 210) mounted at opposing ends of a centrally-pivoted pulley arm (112}, (212).

2. The dual crankshaft, opposed-piston engine of claim 1, in which:

the tensioning idlers are disposed on respective sides of a straight line
connecting the axes of the two crankshafts

a first tensioning idler {104} acts against a first span of the belt or chain (100} and
is spring-loaded in & first direction s0 as to take up any slack in the belt 100;

a second tensioning idler {108) acts against a second span of the belt or chain
{100}, and

the second tensioning idler is constituted of a pair of pulleys (108, 110} mounted
at opposing ends of a pulley anm (112) pivoted at a point {114) Tastensd o the engine
structure.

3. The dual crankshaft, opposed-piston engine of claim 2, in which the pulteys (108, 110}
are in rofing contact with opposite sides of the second span of the beilt (100).
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4. The dual crankshaft, opposed-piston engine of claim 1, in which:

the fensioning idlers (206, 208) are disposed on respective sides of a straight line
connecting the axes of the two crankshafts

each tensioning idler (206} acts against a respective span of the belt or chain
£100}); and,

each fensioning idler is constitted of a pair of pulleys {208, 210} mounted at
opposing ends of a pulley arm (212) pivoted at a point {214) fastened {o the engine
structurs.

&. The dual crankshafl, opposed-pision engine of claim 4, in which the pulleys (208, 210}
of each tension idier (208) are in roliing contact with opposite sides of a respective span
of the belt or chain (100}

8. The dual crankshaft, opposed-piston engine of claims 1-8, in which the crankshafts
include an upper {71} and a lower {72) crankshafl, and oulpwd to a transmission is taken
from g gear idler (300) connected to the lower crankshaft.

7. The dual crankshall, opposed-piston engine of claim 8, in which the gear idier (300} is
connected to an end of the lower crankshaft {72) that is opposite to the end where the

belt or chain (100) is connected.

8. A method for varying the timing of port operalions of the dual crankshaft, opposed-
piston engine of any one of claims 1-7 by pivoting at least one pulley arm (112, 212}
from one position o ancther in a predetermined arc to thereby change the length of
travel of the belt (100).
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