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GEAR BACKLASH CONTROL FOR AN OPPOSED-PISTON ENGINE

RELATED APPLICATIONS

[0001] This Application claims priority {o U.B. Patent Application no. 15/176,818, filed
June 8, 2016, titled “Gear Backlash Control for Opposed-Piston Engine” This
Application contains subject matter rejated to the subject matter of the following pending
LS. Patent Applications: U.S. Application 13/385,539, filed 02/23/2012, and published
as US 2012/0285422; U.S. Application 13/858,943, filed 04/08/2013, and published as
US 2014/0299109; U.S. Application 13/944 787 filed 07/17/2013, now Patent 9,618,108;
U.S. Application 14/074,618, filed 11/07/2013, and published as US 2015/0020629, U.S.
Application 14/450,747, filed 8/04/2014, and published as US 2016/0033030; and U.3.
Application 15/142 261, filed 4/29/2016.

FiELD

00021 The field is reduction of noise, vibration, and harshness (NVH) in an internal
combustion engine. More specifically, the field encompasses reduction of gear noise

and vibration in the gear train of an opposed-piston engine through control of gear lash.
BACKGROUND

[0003] Gear vibration and clash in an internal combustion engine can lead {0 intense
whining, sharp impuise noise {(e.g., ratile), or both. These noises can cause extreme
operator and passengsr discomfort in a vehicle. Engine whine and rattie also add to the
constant cacophony thal can make proximity to transportation routes unpleasant
Because of this, performance siandards and environmental regulations relating to

vehicles increasingly include NVH limits.

{0004] Baclklash is a gap {e.q., lash) typically present in meshing gears to account for
manufacturing tolerances, to prevent binding of gears at higher operating temperatures,
and to account for other variations in gears that can exist during coperation of an engine.
in gear trains of opposed-piston engines, during torgue reversals, the driving gear
makes coniact with both flanks of the corresponding driven gear in @ mesh, thereby

producing gear raitle, especially when there is excessive backlash in the system.

[0005] The gear train of an opposed-piston engine with dual crankshafts inherently
experiences eventis where contact is lost between teeth of adjacent gears in a mesh that

produce rattle and vibration. For example, in the case where a phase difference is
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provided between the crankshafts (i.e., crank lead) in order to differentiate port opening
and closing times, the gear train is subjected o a torgue reversal event at least once
every cycle of engine operation. Even without an inter-crankshaft phase difference,
momentary inler-gear torque reversals can result from any of idler bounce, gear
rotational distortion, shaft rotational distortion, or a combination thereof. Torgue

reversals result in gear train ratile when gear backlash is present.

[00086] Backlash control in an opposed-pision enging can be a balance between
noise control, minimization of friction loss, and the efficient transfer of torque in the gear
train.  Conventional backlash controls include methods and apparatus that fix the
backlash of an engine prior to operation of the engine (e.¢., movement of idler gears, the
use of select fit gears), or perhaps additionally after operation and alleration of an
engine, but dynamic backlash control is not a feature of these conventional conirols.
Scissor gears of the conventional type, such as described in U.3. Patent 5,879,259, are
pre-tensioned with one or more forsional springs to take up the lash in a gear mesh

between the scissor gear and an adjacent gear.
SUMMARY

[0007] A system and method for dynamic, hydraulic control of backiash in an
opposed-piston  engine with one or more crankshafts are provided in the
implementations described below. The amount of backiash between two or more
adiacent gears in a gear train can be adjusted dynamically and automatically during

operation of the engine.

{0008 Provided in some implementalions is a hydraulic backlash control system for
use with an opposed-piston engine that includes a source of a hydraulic fluid {e.q., gas,
liquid, oll, coolant, compressed gas, and the like) and a split or scissor gear that rotates
a first part of the gear relative {0 a second part of the gear, to reduce gear backlash,
primarily due to hydraulic forces. The opposed-piston engine can be a two-stroke-cycle,
internal combustion engine having at least one cylinder with longitudinally-separated
exhaust and intake ports and a pair of pistons disposed in opposition to one ancther in a
bore of the cylinder, each piston in the pair of pistons connected {0 g crankshaft, each
crankshaft connected to a crank gear in a gear train, such that there is a first crank gear
and a second crank gear in the gear train. The hydraulic backlash conirol system can

include a backiash reducing gear that includes a first gear with gear teeth and a recess
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for receiving oil, a second gear with teeth and a protrusion for fitting and moving within
the recess in the first gear, a gear post on which the first gear and the second gear are
mounted in which the first gear and second gear are configured o rotate about the gear
post, an ofl groove formed between the first and second gear in which the oil groove is in
fluid communication with the recess, an oil inlet in fluid communication with the oil
groove and/or the recess, and a check valve in fluid communication with the oil inlet and
the recess, in which the check valve is configured to maintain a static hydraulic pressure
within the backlash reducing gear at a level that maintains minimal backlash between
the backlash reducing gear and at least one adjacent gear in the gear train. The
following features can be present in some embodiments of the hydraulic backlash

control system in any reasonable combination.

[0009] In some implementations, the gear post can inciude a fluid connection 1o &
source of pressurized oil. The gear can inciude two or more recesses for receiving oil
and two or more protrusions for fitting and moving within the recesses. The oil groove
can include a rut, cut, channel, trench, trough, canal, gouge, or the like in the second

gear in some implementations of the backiash reducing gear.

{0010} In a related aspect, an opposed-pision enging with a split or scissor gear io
reduce gear backiash that rotates a first part of the gear relative to a second part of the
gear, primarily due o hvdradlic forces, is provided in some of the implementations

described herein.

0011} In a further related aspect, a method of dynamic backlash control in the gear
train of an opposed-piston engine with a split or scissor gear to reduce gear backlash
that rotates a first part of the gear relative to a second part of the gear primarily due to

hydraulic forces is provided in some implementations.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a side elevation view of an arrangement of cylinders, pistons, and a

gear train in an opposad-piston engine.
[0013] FIG. 2 shows a schematic of a gear for use with an opposed-piston engine.

[0014] FIG. 3A shows a view of the interior of the gear shown in FIG. 2. FIG. 3B
shows a variation of the inierior of the gear shown in FIG. 3A that includes a biasing

linear spring.
[0015] FIG. 4 shows a cross-sectional view of the gear shown in FIG. 2.

[0016] FIG. 5A shows an exemplary valve for use with the gear shown in FIG. 2, and

FIG. 5B shows this exemplary valve in greater detail.

{00177 FIG. 6 shows a cross-section of a split or scissor gear made of three gears for

backlash reduction in a gear irain.

[0018] FIG. 7 shows a flow diagram of an exemplary method for dynamic adjiustment

of backiash according {o some implementations.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] A specialized gear, system, and method for dynamic control of backlash in an
opposed-piston engine are described. Using a backlash reducing gear, the amount of
backlash between at least two adjacent gears in a gear train can be adjusted
dynamically, and at the same time noise and ratlling resulting from loss of contact
between the teeth of adjacent gears (due i0, e.q., systemic torque reversals) can be
dampened during operation of the engine. While the engine is operating, adjustments to
the backiash between at least two adjacent gears can be continuous and in response 1o
changes in the engine such as temperature or wear. The backlash reducing gear,
system, and method described herein utilize a multi-part gear with at least two gears
with teeth, like a scissor gear, but without relying on springs to move the gears apart.

The multi-part gear is dynamically and continuously actuated using hydraulic forces.

{00207 FIG. 1 Hlustrates an arrangement of cylinders, pistons, and crankshafts in an

opposed-pision engine with an associated gear train that can include a backiash
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reducing gear. The figure shows a three-cylinder arrangement, although this is not
intended to be limiting; in fact, the basic architecture portrayed in FIG. 1 is applicable to
opposed-piston engines with fewer, or more, cylinders. The opposed-piston engine 10
includes cylinders 12, each including exhaust and intake ports 14 and 16. Preferably, the
cylinders comprise liners {also called "sleeves™) that are fixedly mounted in tunnels
formed in an engine frame or block 18. A pair of pistons {unsesn in this figure) is
disposed for opposing reciprocal movement in the bore of each cylinder 12. The
opposed-pision engine 10 includes an interinked crankshaft system comprising two
rotatably-mounted crankshafts 21 and 22 and a crankshaft gear train 30 linking the
crankshafts and coupling them to a power take-off shaft ("FTO shaft”). The crankshafis
21 and 22 are mounied to the engine by main bearing arrangements {(not shown}, one at
the botiom of the engine biock 18 and the other at the fop. The crankshafi gear train 30
is supporied in one end of the engine block 18 and is contained in a compartment 31

thersin that is accessed through a removable cover 32

{0021] As per FIG. 1, one piston of each pision pair is coupled {o a respective crank
journal 23 of the crankshaft 21 by a connecting rod assembly 27, the cother pision is
coupled o a respective crank journal 25 of the crankshaft 22 by a connecting rod
assembly 28. The crankshafis 21 and 22 are disposed with their [ongitudinal axes in a
spaced-apart, parallel arrangement. The crankshaft gear train 30 includes a plurality of
gears, including two input gears 36a and 36b, which are fixed to respective ends of the
crankshafts 21 and 22 for rotation therewith. An oulput gear 37 is mounted for rotation
on a shaft or post. The output gear 37 drives a power take-off shaft 38 about an output
axis of rotation A. In this configuration, two idler gears 39a and 39b are provided, each
mountad for rotation on a fixed shaft or post 40. The idier gear 38a meshes with the
input gear 36a and the output gear 37; the idler gear 38b meshes with the input gear 36b
and the oulput gear 37. As a result of the configuration of the crankshaft gear train 30,
the crankshafts 21 and 22 are co-rotating, that is to say, they rotate in the same
direction. However, this is not meant to so limit the scope of this disclosure. In fact, a
gear frain construction according 1o this specification may have fewer, or more, gears,
and may have counier-rotating crankshafts. Thus, although five gears are shown for the
crankshaft gear train 30, the numbers and types of gears for any particular crankshaft

gear train are dictated only by the engine design. For example, the crankshaft gear train
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30 may comprise one idler gear for counter-rotation, or two idler gears (as shown) for co-

rotation,

{0022} FIG. 2 shows an exterior view 200 of a backlash reducing gear 100. The gear
100 is a composite gear made up of a first gear 105 and a second gear 115 which rotate
around a gear post 125 on which the gear 100 is mounted, and which supporis the gear
on a gear block or gear train casing. On the face of the second gear 115, an oil cutlet
{e.¢., an outlet hole or orifice) 135 is shown. The backlash reducing gear 100 can be
similar {o a scissor gear such that the first gear 105 and second gear 115 can rotale

about the gear post 125 to create gear teeth of varving effective widths.

{0023} FIG. 3A shows an interior view 300 of the backlash reducing gear 100 shown
in FIG. 2. In FIG. 3A, the first gear 105 and part of the second gear 115 are shown.
Also visible in the interior view 300 are: a check valve 340, an oil inlet in the gear post, a
recess 310 in the first gear 105, a protrusion 220 in the second gear 115, an oil groove
230, as well as arrows 250, 251 that indicate the rotation of the first gear 105 and
second gear 115 relative to each other and arrows 252 indicating the oil flow path. FiG.
3B shows an alternative embodiment of a backiash reducing gear 100 with a linear
spring 360 in the recess 310 to bias the protrusion 220. The linear spring can help to
reduce backlash on start-up of the engine, before hydraulic forces can cause the first
and second gear of the backlash reducing gear to rotate. The force exeried by the linear
spring will not cause excessive forces, such as would cause friction in the gear train. The
backlash reducing gear 100 does not have a {orsional spring within the gear, such as in

the oil groove 230,

{0024} FIG. 4 is a cross-sectional view 400 of the backlash reducing gear 100 shown
in FIG. 2 and FIG. 3A.  In this view 400, the first gear 108 and second gear 115 are
shown sliced through their center, cutting through the gear post 125 and oil inlet 226, as
well. The recess 210 in the first gear 105, and the oil outlet 135 are also shown. From
the view 300, the cil flow path 252 shown in FIG. 3A makes sense, as the oil inlet 226
can be seen progressing through much of the thickness of the gear post and the ol
outlet 135 is shown as communicating between the recess 210 in the first gear and the

exterior of the second gear 115.
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[0025] The backlash reducing gear 100 shown in FIGs. 2, 3A, 3B, and 4 can operate
in the following way. The first gear 105 and the second gear 115 each have testh. When
the backiash reducing gear 100 is in a neutral position, the effective tooth thickness
{e.¢., width of a gear {ooth) can be equivalent to that of a tooth from the first gear or the
second gear — whichever is wider. The gear is placed next to a2 mating gear. The testh
of the mating gear can be sufficiently far apart (e.g., have a sufficient circular pitch), so
that the effective width of the gear teeth of the gear 100 needs to be increased. Qil
under pressure is fed through the oil inlet 226 in the gear post 125 inio the gear 10C. The
oil moves along the path 252 into the recess 210 in the first gear 105, pushing against
the protrusion 220 in the second gear. The oil can also flow along the oil groove 230 s
that hydraulic pressure is exerted on all sides of the protrusion 220. The ol groove 230
can be formed as a rut, cut, channel, french, trough, canal, gouge, or the like in the first
105 or second 115 gear with the other gear (e.q., second or first gear) of the backlash
reducing gear 100 forming a cover or enclosing the off groove 230. Alternatively, the oil
groove 230 can be formed from a rul, cul, channel, trench, trough, canal, gouge, or the
like in the first gear 105 and a rut, cui, channel, trench, trough, canal, gouge, or the like
in the second gear 115. The oil groove 230 can be machined, cast, eiched, or otherwise

formed in the first 105 and/or second 115 gear.

00281 As the oil pushes against the protrusion 220, the second gear 115 rotates
relative to the first gear 105 as indicated by the arrow 251 until the effective width of the
gear tooth maiches the spacing of the teeth of the mating gear. During a torque reversal
event, as the spacing of the teeth of the mating gear reduces, the effective width of the
teeth of the gear 100 will reduce, the outside of the teeth of the first 105 and second 115
gears move closer together, as indicated by the rotation suggested by the arrow 250, As
this reduction in feeth width takes place, oif will be rejected oul of the recess 210,

through the oil outlet 135 (e.g., the conirolled oil leak orifice), out of the gear 100.

{0027} FIG. 5A is a schematic of the gear showing the first gear 105, the second gear
115, the gear post 125, the oil inlet 226, the channel 229 that allows for oil to flow along
the flow path 252 to the recess 210 in the first gear 105. During operation, as the
effective thickness of the gear teeth reduces and then needs o increase again, oil in the
gear moves up through the gear post 125, into the oil inlet 226 and channel 229, and
into check valve 540 that is situated in the recess 210 in the first gear 105. The oil

pressure in the gear can drop when the backiash reducing gear and mating gear lose
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contact, and oil can be admitted into the recess 210 and oll groove 230 through the
chack valve 540 instantaneously, and in this way reduce or eliminate the backlash in the
gear mesh. FIG. 5B shows a closer view of the check valve 540, The check valve 540
includes a retainer ring 541 and a hall and spring pair 545. The retainer ring 541 allows
for insertion of the check valve into the backlash reducing gear. The ball and spring pair
545 allows ¢ll into the ofl groove 230 and recess 210 when the ofl pressure in those
structures is less than the pressure exeried by the oil source, so long as the oll source is
under enough pressure to overcome the biasing pressure exerted by the spring of the

ball and spring pair 545,

{0028} in use, a gear frain of an engine can have at least one backlash reducing gear
adiacent to a mating gear, such as a crank gear, idler gear, or drive gear. Each
backlash reducing gear receives pressurized oil from an ¢il source through an inlet in its
gear post on which it is mounted. The pressurized oil can come from the same channel
that feeds oil to the main bearings for the gear. Before the engine fires, pressurized oil
can be applied 1o the backlash reducing gear with the help of a dedicated pump,
solenoid, and the like. This application of pressurized oil before the engine starts can
reduce backlash in the gear irain, and in turn reduce noise in the engine during the

entire time the engine is run, even during the start and stop of operation.

[0028] The pressurized ol fravels from the inlel, through a channel, 1o a check valve
in a recess in the backlash reducing gear. The check vaive can be any type of chaeck
valve that allows for il to flow from a source into the backlash reducing gear until
backlash has been reduced or eliminated. In FIG. 5A and 5B, the check valve shown
has a ball and spring which move to limit the flow of oil across the valve. The spring can
bias the ball towards closing the valve and can have an associated cracking pressure.
VWhen the oil suppilied to the backiash reducing gear exceeds this cracking pressure, the
ball shown in FIG. 5A and FIG. 5B moves, allowing ol info the gear. The oil pressurizes
the interior of the backlash reducing gear, particularly the recess and ofl groove. The first
and second gears of the backlash reducing gear move relative each other so that the
width of the effeclive gear tooth made by the first and second gear increases. This
relative motion {i.e., rotation) continues until the backlash is completely taken up. The
operation of the check valve in the backlash reducing gear is similar to that of a check
valve in a hydraulic lash adjuster for a valve train, as described in US Patent 6,598,572.

in a hydraulic lash adjuster, oil flows into a chamber of the check valve, and the oil can
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only escape the check valve siowly so that the lash adiuster stays in contact with a

rocker arm in a valve train,

f00307 The testh of the maling gear exert a reaction force on the teeth of the first and
second gear of the backlash reducing gear. This force causes the pressure in the
recess io increase. When the pressure in the recess exceeds the pressure from the oil
supply, such as during a torgue reversal eveni, the check valve closes instantly and oil
leaks out through the controlled leak orifice. Though the figures show the backlash
reducing gear as having only one recess and protrusion o move the first and second
gears of the backiash reducing gear, each backlash reducing gear can have more than
one recess and protrusion, such as two recesses and protrusions, three recesses and
protrusions, four recesses and protrusions, or more.  In such implementations of the
backlash reducing gear with muitiple recesses and protrusions, all of the recesses can
be in the first gear and all of the protrusions can be in the second gear. Alternatively the
first gear can have both one or more recess and one or more protrusion, and the second

gear can have both one or more recess and one or more protrusions.

[0031] When the teeth of the mating gear come cioser together, and in some cases
the circular pitch reduces (e.g., because of the gears heating up), the teeth of the
backlash reducing gear can also move so that the effective tooth thickness is smalier. Oil
can leak out in a controlled manner when this happens. The ol leak can happen
through the controlled ieak oil orifice. This orifice can be sized to allow oil {0 leak at a
finite rate, under specific oil levels or pressures within the backlash reducing gear.
Alternatively, or additicnally, a control system can alter the rale of oil leaked out of the
gear or the pressure of the oil supplied. The rate of oil leaked out of the gear or the
pressure of the oil supplied to the backlash reducing gear can be controlled by one or
more dedicated pump, one or more valves, a diaphragm that controis the size of the oil
leak orifice, or a combination thereof Allernatively, in some implementations, the
backlash reducing gear can be configured to mainiain a preset pressure within the gear

without having an oil leaking orifice.

[0032] The controlling means that set and change the pressure within the backiash
reducing gear can actuate in response to the siate of the engine, such as the speed of
the engine, the load, and the like. Alternatively, or additionally, the conirolling means

{e.g., the pump, diaphragm, valve, elc.} can actuate {o maintain a pre-set maximum
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pressure within the backlash reducing gear. A controller, for example an engine
controlling unit, can cause the controlling means to actuate in addition to controlling

other functions of the engine.

[0033] At times the backlash reducing gear experiences a drop in internal hydraulic
pressure. This drop in internal hydraulic pressure can correspond {0 an increase in
backlash between the backlash reducing gear and a maiing gear. The check valve will
automatically work to allow more oif from the oil supply to flow into the gear. In this way,
the backlash in the gear train can be automatically adjusted {(e.g., minimized) using

hydraulics.

f0034] in the gear train of an engine, a backlash reducing gear as described herein
can be placed adjacent {o at least one other gear. The gear train can have three or
more gears. For each pair of adjacent gears, at least one gear can be a backiash
reducing gear o minimize backiash and allow the engine o better accommodate
systematic torque reversals, reducing engine raitle. The fully hydraulic backlash
reducing gear will be sufficiently stiff to impart the dampening properiies o reduce
engine rattle, as well as reduce backiash, but without the frictional losses caused by

scissor gears pre-tensionsd with springs.

{0038] A gear train, like the one shown in FIG. 1, may include one or more backlash
reducing gears, such as the backlash reducing gears with a first and second gear, as
described above. The number of backlash reducing gears in the gear train 30 can
correspond o each pair of adjacent gears including at least one backlash reducing gear.
In a gear train, one possible arrangement of gears would have a backlash reducing gear
in a first position, at the outside of the train, as an input gear {e.g., 36a or 36b in FIG. 1).
In a gear train with five gears, as shown in FIG. 1, the middle gear (e.g., output gear 37)
and the other input gear would also be backlash reducing gears, though one of the idler
gears (e.g., 38a or 3%b in FIG. 1) could also be a backlash reducing gear in this
configuration. When a backlash reducing gear as described above is adjacent {0 two
gears with fixed teeth thickness and circular piich, then the teeth of the backlash
reducing gear can adjust to suit the mesh with the smallest amount of lash. The fact that
a backlash reducing gear, as shown in FiGs, 2-5B, with two adjacent gears with different
fixed gear teeth spacing can only accommeodate one of the gears means that there will

still be backlash in the gear train, bul perhaps not as much as there would be using only

10
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conventional gears of fixed testh spacing. To remove all of the backlash in a gear train,
the number of backlash reducing gears with a first and second gear in the gear train
needed corresponds {0 the number of gear meshes in the frain. That is, for a gear irain
of n gears, n-1 backlash reducing gears with a first and second gear are needed {o

remove the entire backlash.

{0036} In some implementations, a backiash reducing gear 800 can have three
gears, a first 605, second 615, and third 620 gear, as shown in Fi. 6. Such a backiash
reducing gear 600 can accommodate two adjacent gears 680, 680 with fixed testh
spacing or fixed center distance. One configuration of such a backlash reducing gear
600 includes a first gear 605, a second gear 615, and a third gear 620, in which the first
605 and third 620 gears can independently rotate about the second gear 620 under
hydraulic forces. The second gear 620 can have recesses on both sides, as shown in
FIG. 6, for receiving protrusions from the first 605 and third 820 gears, and each recess
receiving hydraulic fluid {e.g., gas, liguid, oil, coolant, compressed gas, and the like) from
a gear post 825 through one or more channels 629 in the gear post and second gear,
and a groove 830 in the first 605 or third 620 gear. Each recess can have a check valve
640 in the corresponding protrusion and a controlled oif leak orifice. The first 805 and
second 815 gears can mesh with & first adjacent gear 680, while the second 815 and
third 620 gears mesh with a second adjacent gear 880. The first gear 605 of the
backlash reducing gear 600 can rotale relative to the second gear 615 until the lash
between the first adjacent gear 880 and the effective teeth formed by the testh of the
first 605 and second 615 gear is eliminated. The third gear 620 of the backlash reducing
gear 800 can rotate relative to the second gear 815 to eliminate the backlash between
the second adjacent gear 890 and this portion of the backlash reducing gear 800. The
rotation of the first 805 and third 820 gears can be effected by the inlet of fluid under
pressure {e.q., oil), and the first 805 and third 620 gears can move, as described ahove

with respect {0 a two-part backiash reducing gear.

{0037} A gear train of two or more gears (e.g., n gears) can have ong or more
backlash reducing gears, as described above. For exampie, a gear train of n gears, one
gear can be a backlash reducing gear, n-1 gears can be backiash reducing gears, n-2
gears can be backiash reducing gears, up to n gears (i.e., all the gears in the train) can
be backiash reducing gears. The backiash reducing gears in a gear train can be all

gears of a first and second gear (e.g., the gear shown in FiGGs. 2-5B) or all backiash
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reducing gears can be gears with a first, second, and third gear {e.g., the gear shown in
FIG. 86). Alternatively, the backlash reducing gears in a gear train can be a combination
of gears of a first and second gear and gears of a firsi, second, and third gear. In some
implementations, in a gear train, a single gear post can attach to two or more gears,
such as at least one backlash reducing gear and one conventional gear, or o two or
more backlash reducing gears. A gear post attached o two or more gears can allow the

gear train to accommodate gears of multiple sizes (e.g., gears of mulliple diameter).

{0038} FIG. 7 shows a methed of using a backlash reducing gear, such as those
describad above, {0 remove backlash between two adjacent gears in a gear train. The
method starts with filling the backiash reducing gear with oil, as in 710. The backiash
reducing gear is a multi-part gear, like a scissor gear, with at least a first gear and a
second gear that can rotate relative {o each other to allow the effective tooth thickness of
the gear {o grow as needed. As described above, the oil travels through the oil inlet in
the gear post to the recess (or recesses) in the backiash reducing gear, through the oil
groove, surrounding the profrusion or flange. Admitting ofl into the backlash reducing
gear causes the feeth to move, eliminating lash belween the gear and mating testh from
an adiacent gear, as in 720. The oil pushes on the profrusion within the recess of the
backlash reducing gear. Because the protrusion is fixedly attached to the second gear of
the backlash reducing gear, the first and second gears move relative each other and, the
effective width of the gear teeth is adjusted. After all of the lash between the gear and
an adjacent gear is taken up, the backlash reducing gear can react to changes to the
engine, such as reduction in the spacing between teeth, or change in circular pitch, in
the adjacent gears due {0 increases in temperature, as in 730, When this happens, the
first and second gears of the backiash reducing gear, as shown in FiG. 2-FI(5. 88, move
relative to each other and oil leaks out of the leak orifice. The check valve ensures that
an appropriate amount of static hydraulic pressure is maintained within the backlash
reducing gear to have its testh fully mated with those of at least one of its adjacent
gears. When the amount of backlash increases, for example as the engine cools down,
the first and second gear need {o rotaite to eliminate lash, as in 740. The stalic hydraulic
pressure within the backlash reducing gear can increase io move the teeth of the first
and second gear parts again. This process continues all during operation of the engine
so lash and systemalic torque reversals do not cause excessive gear rattle or high

efficiency losses due 1o friction.
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00391 In addition to the ability of a backlash reducing gear {o automatically and
dynamically adjust to changing engine conditions, a backlash reducing system may
include an oil providing system that can vary the pressure of oil supplied to one or more
backlash reducing gears. A backlash reducing system may also, or alternately, include
an ol leak control systemn to control the outflow of ol from one or more backlash

reducing gears, thus regulating the pressure within those gears.

[00407 The scope of patent protection afforded the novel tools and methods
described and illustrated herein may suitably comprise, consist of, or consist essentially
of the elements a backiash reducing gear that includes a first gear and a second gear
which move dynamically with respect to each other by primarily hydraulic means o
create an sffective tooth width that allow for the reduction or elimination of lash with at
least one adjacent gear. Further, the novel tools and methods disclosed and llustrated
herein may suitably be practiced in the absence of any element or siep which is not
specifically disciosed in the specification, illustrated in the drawings, and/or exemplified
in the embodiments of this application. Moreover, although the invention has been
describad with reference {0 the presently preferred embodiment, it should be understood
that various modifications can be made without departing from the spirit of the invention.

Accordingly, the invention is limiled only by the following claims.
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CLAIMS

1. A backlash reducing gear {100) adapted for use in an opposed-piston
internal combustion engine (10) having a gear train (30) with an arrangement of gears
(36a, 39a, 37, 38h, 36b) coupling at least one crankshaft (21, 22) to an cutput drive (38),
the backlash reducing gear {100) characterized by:

a first gear (105) with gear teeth and a recess (310, 210) for receiving oil;

a second gear {(115) with gear teeth and a protrusion (220) for fitling and
maoving within the recess in the first gear {105);

a gear post (125) on which the first gear (108) and the second gear (1158)
are mounted, the first gear (105) and second gear (115) configured o rotate about the
gear post (125);

an oil groove (230) formed between the first (105) and second gear (115),
the oil groove (230} in fluid communication with the recess (310, 210);

an ol inlet (226) in fluid communication with a source of oil and the recess
(310, 210);

an oil leak orifice (125) in fluid communication with the oil groove (230}
and/or the recess (310, 210); and

a check valve (340, 540} in fluld communication with the oil inlet (226)
and the recess (310, 210), the check valve (340, 540) configured to maintain a static
hydraulic pressure within the backiash reducing gear (100) at a level that maintains
minimal backlash betwesn the backlash reducing gear (100} and at least one adiacent

gear in the gear train (30).

2. The backlash reducing gear (100) of claim 1, wherein the gear post (125)

comprises a fluid connection to a source of pressurized oil.

3. The backlash reducing gear (100} of claim 1 comprising two or more
recesses {310, 210) for receiving oil and two or more protrusions {220) for fitting and

moving within the recesses (220).

4. The backlash reducing gear (100) of claims 1-3, wherein the oil groove
(230) comprises a ruf, cul, channel, trench, trough, canal, gouge, or the like in the first
gear (105) and/or a rut, cut, channel, tfrench, trough, canal, gouge, or the like in the

second gear (115).
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5. An opposed-piston internal combustion engine (10), comprising a gear
train (30) with an arrangement of gears (36a, 3%a, 37, 38b, 36b) coupling at least one
crankshaft (21, 22) to an output drive (38}, an oil providing system comprising an oil
source, and a backlash reducing gear (100} in the gear frain (30) according {0 any one of

claims 1-4.

8. The opposed-piston internal combustion engine (10) of claim 5, wherein

the gear train (30) comprises two or more backiash reducing gears (100).

7. The opposed-piston internal combustion engine (10) of claim 5, wherein
the gear train (30) includes at least one backiash reducing gear (100} for each pair of

adjacent gears in the gear train (30).

8. A method for dynamically adjusting backiash between two adjacent gears
in & gear train {30) of an opposed-piston internal combustion engine {10) having at least
one cylinder (12) with longitudinally-separated exhaust (14) and intake (16} poris and a
pair of pistons disposed in opposition t© one ancther in a bore of the cylinder (12), each
piston in the pair of pistons connected {o a crankshaft (21, 22), each crankshaft (21, 22)
connected to a crank gear {(36a, 36b) in the gear train (30), such that there is a backlash
reducing gear (100}, according to claim 1, adjacent to al least one mating gear in the
gear train (30}, the method comprising:

providing oil 1o a recess in the backiash reducing gear (100},

in response to hydraulic pressure exeried by the oil in the recess (310, 210),
rotating the first gear (105) and the second gear (115) of the backlash reducing gear
(100) relative to each other uniil rotation is limited by teeth of the at least one mating
gear, and

maintaining a static hydraulic pressure within the recess at a leve! that reduces
backiash between the teeth of the backlash reducing gear and the at least one mating

gear.

15



PCT/US2017/033493

WO 2017/213822

(LY 10Ld)
[ O



WO 2017/213822 PCT/US2017/033493

/9

200

100 fﬂ/

135







WO 2017/213822 PCT/US2017/033493

4/9




WO 2017/213822 PCT/US2017/033493

5/9

400




. 115

\\\\

FIG. 5A




7/8




WO 2017/213822

605

629 =

PCT/US2017/033493
8/9
e 680
?%é 615 600
\Eggg / 620 /
"SRR \’E’f/
\\ Vo \ﬁ\ \\H\, |
T e 64
o
NN 525
T 6526
RS
pefrterene 3]
e 520

e 590




WO 2017/213822 PCT/US2017/033493

99

710
Mk—m OILFILLS GEAR  pea———————1

!

TEETH MOVE TO
720 %\.,, ELIMINATE LASH
BETWEEN GEAR AND
MATING TEETH FROM
ADJACENT GEAR

%

OIL LEAKS OUT OF
GEAR AS SPACING
70~_| BETWEEN GEAR TEETH
CHANGE (E.G.
EXPANSION DUE TO
HEAT)

%

AMOUNT OF BACKLASH

74{5’m REQUIRED/DESIRED
CHANGES: TFETH NEED

TO MOVE TO ELIMINATE LASH

R .

e o

FIG. 7



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/033493

A. CLASSIFICATION OF SUBJECT MATTER

INV. F16H55/18 FO2B75/24
ADD.

FO2B75/28

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F16H FO2B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

17 August 1989 (1989-08-17)
Y figure 1

4 February 2016 (2016-02-04)
cited in the application
figures 1-4

figure 1

3 August 1989 (1989-08-03)
the whole document

X DE 38 03 427 Al (AUDI AG [DE])

1,2,4
3,5-8

Y US 2016/033030 Al (PALFAI BALAZS V [US]) 5-8

Y US 2004/200302 Al (KAMPICHLER GUNTER [DE] 3
ET AL) 14 October 2004 (2004-10-14)

A DE 39 01 076 Al (VOLKSWAGEN AG [DE]) 1-8

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

17 July 2017

Date of mailing of the international search report

21/07/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Hassiotis, Vasilis

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2017/033493
Patent document Publication Patent family Publication
cited in search report date member(s) date
DE 3803427 Al 17-08-1989  NONE
US 2016033030 Al 04-02-2016 US 2016033030 Al 04-02-2016
WO 2016022417 Al 11-02-2016
US 2004200302 Al 14-10-2004  DE 10226850 B3 22-01-2004
EP 1514040 Al 16-03-2005
JP 2005530109 A 06-10-2005
US 2004200302 Al 14-10-2004
WO 03106865 Al 24-12-2003
DE 3901076 Al 03-08-1989  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report

