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(54) Title: CONNECTING ROD WITH BEARING-LESS LARGE END

(57) Abstract: A connecting rod of an internal combustion engine, that includes a large bore, and an interior bore surface. The cur -
rent art uses soft metal bearing surfaces to reduce wear, and friction between the connecting rod inner diameter and the crankshaft
journal surface. The soft metal bearing surface is a separate component of the engine. In this invention the large bore end interior
diameter is coated with a hard material to reduce, or eliminate wear. The hard material is a metal or metal alloy applied to the inner
diameter by a thermal spray method. A relatively soft polymer material can also be applied to the interior diameter surface of the
con-rod bore. The relatively softer polymer acts as a first and sometimes a consumable layer, and applied over the thermal sprayed
hard layer. The polymer layer is often used in conjunction with the sprayed metal layer. The polymer coating may be worn off the in-
ner diameter surface; this delay in surface to surface contact to the sprayed metal layer has beneficial effects on the sprayed metal
layer. The delay of surface to surface contact will usually result in a longer service life of the sprayed metal coating.
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Connecting Rod with Bearing-less Large End

[0001] This application claims priority to provisional application number 61/835,985 filed on

06/17/2013, the content of which is hereby entirely incorporated by reference into this application.

Background

[0002] The present invention relates to a bearing-less connecting rod, and a method of producing a
connecting rod The present invention also relates to an internal combustion engine, and an

automotive vehicle including such a connecting rod.

[0003] The connecting rod is used for linking a crankshaft to a piston. The connecting rod includes a
bar-like rod main body a small end which is provided at one end of the rod main body. A large end is
provided at the other end of the rod main body. The thicker the connecting rod body, the higher the

load can be applied to the con-rod during engine operation

[0004] The small end of the con rod contains a piston pin bore and allows a piston pin to extend
through said bore. The small end is mechanically connected to a piston via the piston pin. Opposite
the small end, the large end ofthe con rod contains a crankpin bore for allowing a crankshaft journal

to extend through said bore. The big end is mechanically connected to a crankshaft.

[0005] In this invention embodiment, the big end is split into two pieces. The rod portion continues
from one end of the rod main body. The cap portion is coupled to the rod portion with bolts. The

connecting rod in this invention is referred to as a split-type connecting rod.
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[0006] Requirements on the mechanical characteristics of a connecting rod differ from region to
region. For example, the small end and rod main body of a connecting rod are required to have a high
strength and a high toughness so as not to undergo fatigue failure or impact failure during use. The
big end of the connecting rod is designed so diameter surface of the bore does not deform from the

friction against the crankshaft journal.

[0007] If an alloy whose clastic modulus is lower than that of steel is used as the material of a
connecting rod, weight reduction may be achieved, but the rigidity of the big end will be insufficient.
Designing a connection rod to have a size for attaining sufficient rigidity will detract from the

advantage of weight reduction.

[0008] Connecting rods transmit power generated during the combustion cycle from the piston to the
crankshaft of the engine. Connecting rods are usually defined by a first end and a second end. The
first end and the second end both typically include an aperture present on each end of the connecting
rod. Typically, the aperture present in the first end of the connecting rod is smaller than the aperture
present in the second end of the connecting rod. The aperture in the first end of the connecting rod is
configured to connect to the piston by way of a piston pin. The aperture in the second end of the

connecting rod is configured to connect to the crankshaft by way of a crankshaft pin.

[0009] Steel is the most common material used to manufacture connecting rods and crankshaft
journals. The gap between the big end inner diameter and the crankshaft journal is very small. The
gap size is on the order of 0.005 inches. The close tolerances between the inside bore of the con rod
and the journal surface of the two components restricts the amount of engine oil present between the

crankshaft bore and the journal.
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[0010] Typically, a soft, and tough metallic bearing surface resides between the journal surface and
the inner diameter of the large end bore. This soft metal surface reduces friction and provides some
lubrication to the inner diameter and crankshaft journal. Traditionally, a copper-lead alloy is used for
the bearing material. The relatively soft lead copper alloy provides lubrication, and eliminates most of

the steel to steel contact that would cause seizing and engine failure.

[0011] The soft metal bearing combinations are susceptible to fatigue and failure. Metal bearings also
increase the mass of the connecting rod assembly, and make the engine assembly process more

complex.

[0012] The need for a connecting rod having a bearing-less large end capable of withstanding the
high pressure exerted on the load bearing surface of the connecting rod is addressed in this invention.
There is also need for a connecting rod that provides a cost-effective performance while remaining

practical for production in a mass manufacturing environment.

Brief Description of the Drawings

[0013] Referring now to the drawings, illustrative examples are shown in detail. The drawings
represent the exemplary illustrations described in this application. The drawings are not to scale.
Certain features may be exaggerated to better illustrate, and explain an innovative aspect of an
exemplary illustration. The exemplary illustrations presented in this application are not intended to be
exhaustive, limiting or restricting to the precise form and configuration shown in the drawings.
Exemplary illustrations of the present invention are described in detail by referring to the drawings as

follows:
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[0014] Figure 1 illustrates a connecting rod, according to an exemplary illustration;

[0015] Figure 2 illustrates a connecting rod, according to another exemplary illustration;

[0016] Figure 3 illustrates the large end of the connecting rod, and the thermally sprayed inner

diameter surfaces.

Detailed Description

[0017] Referring now to the discussion that follows and also to the drawings, illustrative
embodiments are shown in detail. Certain features may be exaggerated, removed, or partially
sectioned to better illustrate and explain the present disclosure. The descriptions set forth in this
application are not intended to be exhaustive limit or restrict the claims in any way to the precise

form.

[0018] Connecting rods produced according to the embodiments in this invention have the
advantage that they contain no bearing shell between the crankshaft journal and the inner diameter of

the large bore

[0019] During normal engine operation, the connecting rod transmits power from the piston to the
crankshaft of the engine. Combustion power is generated by ignition of a combustible fuel-air
mixture. The connecting rod converts the linear motion of the piston to rotational motion at the
crankshaft. The fuel in this embodiment is usually petroleum based, but other types of fuel can be
used. The combustion of the fuel-air mixture exerts extreme pressure on the piston and connecting
rod. In order to transmit combustion power, the connecting rod is mechanically coupled to a piston by

way of a piston pin (not shown).
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[0020] The interface between the large end bearing surface and the crankshaft journal experiences
continuous cyclical radial loads during operation. These cyclical loads applied to the bearing surfaces

arc the main cause of wear of the connecting rod bearings.

[0021] The illustrations are directed to connecting rods with a large crankshaft end. The large end
bore inner diameter includes a thermally sprayed coating on the machined inner diameter of bearing
surface where a soft metal bearing is usually installed. The thermal sprayed coating renders the

bearing employed with connecting rods in previous approaches unnecessary.

[0022] In some embodiments, the horizontal diameter of the inner diameter of the large bore surface
is configured to interface with a crankshaft journal may be greater than a vertical diameter. This

eccentricity can be present in the coated and uncoated surface bore.

[0023] The eccentricity of the surface interfacing with the crankshaft pin may generally improve oil
lubrication about the interface between the crankshaft journal and the large end bore of the
connecting rod. Eccentricity of the large bore may be provided by machining the bore or coated

surface(s), merely as examples.

[0024] The inside diameter, the load bearing surface of the large bore end, may be machined, and
then a coating is applied, ¢.g., a metallic coating. One embodiment uses a thermal spray method e.g.
HVOF, plasma or cold to apply the metallic and polymer coatings. One exemplary thermal spray
coating consists of a copper (Cu) alloy, ¢.g., Cu-Sn, Cu-Sn-Bi, Cu-Sn-Ni or Cu-Sn-Bi-Ni, merely as

examples. In other examples, an clectroplate coating or a sputter coating may be employed.
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[0025] The metallic coating may have a thickness of between approximately 50 and 400 microns. In
another embodiment, the coating thickness is between approximately 150 and 200 microns. A third

embodiment has a thickness of approximately 150 microns.

[0026] The metallic coating may be applied along location "A" illustrated in the drawing. After the
"A" coating is applied, the next step may be a machining operation to rough the surface and provide a

desired circular shape.

[0027] After the machining operation, a polymer coating may be applied to location "B.” As
illustrated in the drawing, the polymer coating is applied in a layer on the large bore, extending on top
of'the metallic coating. In one example, the polymer coating may have a composition of a mixture of
aluminum particles (about 10-15%), a PolyTetraFlouroEthylene (PTFE, i.c., Teflon) (about 5- 7%), a
silane (about 4.5 to 5.0%), and the balance a PolyAmidelmide material. Merely as examples, polymer
coatings commercially available from MAHLE include polymer coatings available under the
commercially known names F1 and F2. Polymer coatings such as those described in U.S. Pat.
publication. No. 2011/0317955 may also be employed. The entire content of U.S. Pat. Pub. No.

2011/0317955 is hereby expressly incorporated by reference.

[0028] The polymer coating may be applied in a thin layer relative to any metallic coating. In one
example, the polymer coating is approximately 3-5 microns thick, a second exemplary approach
provides a coating 10 microns thick, and in a third example, the coating is approximately 3-15

microns thick. Some exemplary applications, the polymer coating may be as thick as 40 microns.

[0029] The metallic coating and polymer coating may generally combine to function as a substitute

for a bearing. The bearing-less design results in a lighter overall component due to elimination of a
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bearing component from the upper and lower connecting rod parts. A higher load capability may be

possible than some previous embodiments using a separate bearing part.

[0030] An eccentric large bore shape may be created in the large bore surface. A metallic coating may
be applied to the "A" location of the inner diameter of the large bore, as illustrated, with a thermal
spray coating or any other metallic coating. In one approach, a thermal spray coating includes a
copper (Cu) alloy, ¢.g., Cu-Sn, Cu-Sn-Bi, Cu-Sn-Ni or Cu-Sn-Bi-Ni, merely as examples. The
metallic coating may have a thickness of between approximately 50 and 400 microns, a second
exemplary illustration has a thickness of between approximately 150 and 200 microns, and a third

exemplary illustration has a thickness of approximately 150 microns.

[0031] Merely as examples, a tri-metallic coating or a bimetallic coating may be employed. In one
illustration, the bottom-most end of the large bore includes a polymer coating only, i.e., which is

directly applied to the metal bore surface.

[0032] More specifically, the entire inside diameter of the large bore has a polymer coating, similar to
the first exemplary illustration described above. Machining of the large bore surface, e.g., prior to

application of the polymer coating, may be required to provide the eccentric shape as illustrated.

[0033] The inside diameter of the large bore may be initially machined to form a horizontally
eccentric shape. The eccentric shape is defined by the diameter D2 being greater than the diameter
DI. A polymer coating, e.g., substantially as described above in the first exemplary illustration, may
be applied directly to the metal, e.g., steel, surface along the entire inside diameter. Accordingly, the
connecting rod big end will have eccentricity with a polymer coating, as a result of the horizontal

diameter D2 being larger than the vertical diameter D1.
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[0034] A thermal spray coating may be applied on the entire inside diameter, and (absent other
machining) a polymer coating may be applied on top of the thermal spray coating. The polymer
coating as applied may eliminate the asperity resulting from the thermal spray, and may result in the

horizontally eccentric shape detailed in the first three exemplary illustrations above.

[0035] The thermal spray in combination with machining of the large bore inside diameter surface
may provide a desired eccentricity of the bore opening. For example, as shown in the fourth
exemplary illustration, a generally circular bore opening may be thermally sprayed and the thermal
spray coating may be subsequently machined to form a horizontally eccentric opening. Alternatively,
the inside diameter of the large bore surface may be machined to provide some or all of the eccentric
shape prior to application of the thermal spray coating. Subsequently, the thermal spray coating may
be machined further to provide the desired eccentricity. A polymer coating may be applied to the

thermal spray coating afterwards.

[0036] The entire application of a thermal spray coating along the inside diameter may generally offer
a safeguard so to speak, ¢.g., if the polymer coating fails, is otherwise suspect or not durable. For
example, if the engine is not clean (e.g., iron or aluminum particle(s) interrupts oil film) the polymer
coating may be compromised. The thermal spray coating may thereby provide an extra layer of
protection, which is not currently offered by previous approaches, i.c., by the combination of the

polymer and thermal spray coatings together.

[0037] A thermal spray coating may be subsequently applied on the entire inside diameter. A
polymer coating may be applied on top of the thermal spray coating. As applied, the polymer coating

may generally eliminate the asperity resulting from the thermal spray. As illustrated, the large bore
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may define a substantially circular shape, and the metallic thermal spray coating may be applied in a
generally constant thickness. The polymer coating can be applied in a varying thickness about the

large bore such that an eccentric shape and is generally defined by the surface of the polymer coating.

[0038] An embodiment allows the extreme upper and lower arcas of the large bore may be machined
to receive a polymer coating. The machining operation does not finish or machine the eccentric zones
beneath the coating. This will allow optimal performance as a result of the oval shape. In examples
where a varying polymer layer thickness is employed, ease of machining and a lower material cost
may generally result from the reduced material requirements and/or more efficient placement of the

polymer coating layer.

[0039] In one embodiment metallic thermal spray coating, is applied only along the shaded arecas
indicated along the edges of the inside diameter of the large bore. The remainder of the inside
diameter of the large bore coated with a polymer coating. The thermal spray coating along the edges
of the inside diameter as shown may offer conformability and strength, especially in applications

where edge loading is a concern.

[0040] In some exemplary approaches, the polymer coating may be applied in a partial coat. A partial
coating of the polymer may allow localized concerns to be more efficiently addressed by applying a
coating only within those local areas, e.g., by applying the coating along the ends of the bore to

address edge loading.

[0041] Figure 1 illustrates a basic internal combustion engine. The reciprocating piston-type having
multiple cylinders is configured for installation in a motor vehicle (not shown). The engine includes a

single or two cylinder rows 2, 3 in a straight line or V-shaped arrangement in which the pistons 4, 5
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operate. The pistons 4, 5 are connected by respective connecting rods 6, 7 to a crankshaft 8. The
crankshaft is accommodated by crankshaft bearing surface. The crankshaft bearing surfaces are
arranged in a housing made of a light metal alloy and have bearing bores for crank pins of the

crankshaft §.

[0042} Figure 2 illustrates a connecting rod. The small bore end 15 is attached to the piston via a

piston pin (not shown) and a large bore end 16 that is attached to the crankshaft journal.

[0043] Figure 3 shows the first bearing section 13 and a second bearing section 14 with first
thermally sprayed bearing surface 17 and second sprayed bearing surface 18. The sprayed surfaces

are provided on both sides of a bearing parting plane B-B.

[0044] The second sprayed bearing surface 17, extends across a central longitudinal plane C-C of the
crankshaft 8. Neighboring (or adjoining) sprayed bearing surfaces 17 and 18. 13 and 14 are supported
and secured by connecting elements 20 and 21, and at least the sprayed bearing surface 17 and 18,

also be referred to as bearing crowns.

[0045] The processes, systems, methods, heuristics, etc. described in this application have been
described as occurring according to a certain ordered sequence. The processes could be practiced
with the described steps performed in an order other than the order described in this application.
Certain steps of the process can be performed simultaneously. Additional steps can be added, or
certain steps described in this application can be omitted. The descriptions of processes in this
application are provided for the purpose of illustrating certain embodiments. They should not be
construed so as to limit the claimed invention. It is to be understood that the above description is

intended to be illustrative and not restrictive. The scope of the invention should be determined, not

10
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with reference to the above description. It should be determined with reference to the claims, and with
the full scope of equivalents to which the claims are entitled. It is anticipated, and intended that future
developments will occur in the arts discussed in this application. The disclosed systems and methods
will be incorporated into such future embodiments. It should be understood that the invention is

capable of modification, variation, and is limited only by the following claims.

[0046] All terms used in the claims are intended to be given their broadest reasonable constructions
and ordinary meanings as understood by those skilled in the art. unless an explicit indication to the
contrary in made in this application. In particular, use of the singular articles such as "a," "the," "said,
"etc. should be read to recite one or more of the indicated elements unless a claim recites an explicit

limitation to the contrary.

11
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We claim:

1. A connecting rod, comprising: a beam connecting a first end and a second end, the first end larger
than the second end, the first end contains a first bore and the second end contains a second bore, a
diameter of the first bore being greater than a corresponding diameter of the second bore; the first end

bore inner radius is coated with a material;

2. The connecting rod of claim 1, additionally comprising a metallic coating, the metallic coating

resides between a surface of the first bore and a polymer coating.

3. The connecting rod of claim 2, where the metallic coating is a thermally sprayed coating, the

thickness of the coating is from 50 to 400 microns, the preferred thickness being 150 microns

4. The connecting rod of claim 3, where the metallic coating includes a copper alloy.

5. The connecting rod of claim 2, where the metallic coating is composed of a tin electroplated

coating and an aluminum-tin sputter coating.

6. The connecting rod of claim 2, in this application the metallic coating is applied using an

electroplating coating process and a sputter coating process.

7. The connecting rod of claim 1, in this application the polymer coating defines a thickness of

between 3-40 microns, the preferred thickness being 10 microns.

8. The connecting rod of claim 1, in this application the polymer coating includes a poly-amide-imide

(PAI), aluminum particles, polytetraflouroethylene (PTFE), and a silane.

12



WO 2014/202610 PCT/EP2014/062728

9. The connecting rod of claim 1, in this application at least one of the first bore and the polymeric

coating defines an eccentric or oval shape.

10. A piston/connecting rod assembly for an internal combustion engine, comprising:

a piston having a piston pin bore extending through the piston, the bore being situated parallel to the
piston top surface a piston pin received and extending through by the piston pin bore; and a
connecting rod having a connecting rod bore which receives the piston pin, a wall of the connecting
rod bore directly engaging the piston pin, the connecting rod bore having a diameter which varies

from a smaller diameter central portion to larger diameter portions at either end thereof.

11. The piston/connecting rod assembly of claim 3, where: a portion of the wall of the connecting rod

bore has a curved profile which distributes loads across a surface of the profile,

12.The piston/connecting rod assembly of claim 3, in this application where: a portion of the wall of

the connecting rod bore has a quasi-elliptical profile,

13. The piston/connecting rod assembly of claim 3, in this application where: a portion of the wall of

the connecting rod bore has an clliptical profile,

14. The piston/connecting rod assembly of claim 3, in this application where: a portion of the wall of
the connecting rod bore has an elliptical profile corresponding to an ellipse having a center which is

spaced apart from a central plane which is perpendicular to a central axis of the connecting rod bore;

13
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15. The piston/connecting rod assembly of claim 3, in this application where: the connecting rod bore
has a profile which is symmetrical about a central plane which is perpendicular to a central axis of the

connecting rod bore.

16. The piston/connecting rod assembly of claim 6, in this application where: the wall of

connecting rod bore has an elliptical profile.

17.  The piston/connecting rod assembly of claim 6, in this application where: the wall of
connecting rod bore has an elliptical profile corresponding to an ellipse having a center which is

spaced apart from a central plane which is perpendicular to a central axis of the connecting rod bore.

18.  The piston/connecting rod assembly of claim 6, in this application where: the wall of
connecting rod bore has a pair of elliptical profiles, cach profile corresponding to an ellipse having a
center which is spaced apart from a central plane which is perpendicular to a central axis of the

connecting rod bore.

19. The piston/connecting rod assembly of claim 6, in this application where: a distance from the
central plane to cach center is a quarter to a third of a distance from the central plane to a

corresponding side wall of the connecting rod.

20. The piston/connecting rod assembly of claim 6, in this application where: cach cllipse has a
major axis which is perpendicular with respect to center line and a minor axis which is parallel to

center line.

14
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